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of success, the . student must possess certain qualifications • 
these may be stated to be— habits of strict order and scrupu- 
lous neatness; a dexterity of manipulation which practice 
alone can give ; a firm conviction that the laws of nature are 
unchangeable, and that variations in experimental results must 
consequently imply either a non-fulfilment of certain necessary 
conditions, or some error in manipulation; and a rigorous 
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CHAPTEE I. 

GENERAL JIEMARKS ON CHEMICAL ANALYSIS. 

1. Chemistbt is essentially an experimental science. Its ob- 
ject is the investigation of the material constituents of the 
globe, and the study of their different properties and relations. 
The student is, therefore, constantly engaged in observing the 
phenomena presented on submitting the different substances 
that come under his notice to the action of various agents, and 
in the accumulation of facts derived from experimental in- 
quiry. It is, indeed, this circumstance which gives to Chemis- 
try its principal charm ; the tyro no sooner begins to read than 
he begins to make experiments, and being thus enabled, to a 
certain extent, to verify for himself the facts brought before 
him, he acquires an interest in his pursuit which attaches him 
daily more and more to it. 

2. In order to pursue Analytical Chemistry with any chance 
of success, the . student must possess certain qualiiications ; 
these may be stated to be — habits of strict order and scrupu- 
lous neatness; a dexterity of manipulation which practice 
alone can give ; a firm conviction that the laws of nature are 
unchangeable, and that variations in experimental results must 
consequently imply either a non-fulfilment of certain necessary 
conditions, or some error in manipulation; and a rigorous 
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^ QUALITATIVE ANALYSIS. 

honesty^ not only in recording results, but in experimenting, 
and m interpreting the phenomena which present themselves 
in the course of an investigation. 

3. The determination of the constituent parts of a compound 
Dody IS termed its Analysis ; and this may be either of two 
Kinds, according to the object which the operator has in view. 

if t ^®^®^y ^®®^ a knowledge of the general nature of the 
substance, he is satisfied, when by the application of certain 
tests, and by the performance of certain operations, he has 
obtained evidence of the presence of those elements of which 

11 j^^P^^.^^ ^8 made up, and the analysis he performs is 
called Qualitative; but if he desire to appeal to the balance, 
and to ascertain not only the nature, but the actual amount of 
the elements present, he must shape his analysis in such a 
manner as to separate the constituents of the compound com- 
pletely from each other, and obtain them either pure or in 
some other well-known form of combination : he then performs 
a Quantitative analysis. For example, if on the addition of a 
few drops of solution of ferrocyanide of potassium to a clear 
liquid a blue precipitate be ootained, the operator is at once 
satisfied of the presence of iron ; and if he is 'working qualitO' 
Uvely only, this experiment is with regard to that particulai^ 
element conclusive, it requires no additional confirmation ; but 
if he desire to estimate the exact amount of iron present, he 
must conduct his analysis in such a manner as to separate 
every particle of the metal in the state of sesquioadde, in which 
state it is weighed, and the amount of metal deduced by calcu- 
lation. Now, before the chemist can proceed to estimate the 
proportions of the constituents of a compound body, he must 
know exactly how many elements are present, and what those 
elements are. The Qualitative analysis always, therefore, pre- 
cedes the Quantitative ; and it will be necessary to separate the 
two courses of study, and to treat each individually. 

QUALITATIVE ANALYSIS— OPERATIONS TO BE PERFOBMED 

AND APPABATUS REQUIRED. 

SGLTTTIGN. 

4. To prepare a substance for the exertion of chemical 
action, and to suit it for the reception of the various tests and 
reagents to which we may wish to submit it, recourse is always, 
if possible, had to solution. Now solution is of two kinds. 
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Seing effected either hy flui 
en the body diasolred, aa w 
•amphor in epirits of win 
. idiemical action on the aubatance, a 

jar, or iron in dilute sulphur 
ticBble, the substance under examination ia diaaolved in water ; 
kut, if that menstruum should fail, recourse is had to other 
Aiids, the selection of which requires care and judgment, 

5. A compound may he made up of constituents, aome of 
which are soluble in water, and some insoluble. In order to 
itucertain this point, a small quantity of the substance, brought 
into a fioe state of division by pulverization, is introduced into 
B teat tube covered with distilled water and submitted to heat ; 
fche liquid is filtered, while hot, into a amal! platinum or porce- 
Wn capsule, and evaporated carefully and alowly ; if a residue 
Zemain, it of course indicates that a substance soluble in water 
j^atedinthe compound. Should there be reason to suspect 
■the presence of a volatile body aoluble in water, heat ahould 
aot be applied in the first iustanee, hut the aubatance under ei- 
amioation repeatedly agitated with cold distilled water, and the 

dear solution allowed to evaporate spontaneoualy. Bodies, how- 
ffer, capable of assuming the gaseous state by the heat of boil- 
Dg water, may in most oases be recognized by their odour, or by 
^6 application of certain tests which wUl hereafter be described. 

6. Alcohol, ether, pgroxi/Hc gpirit, and certain oih, are 
Occasionally successfully employed to dissolve substances on 
frhich water has no action ; sometimes also a mixture of alcohol 
and water is found very useful. For example, if the object be 
to separate sulphate of lime (gypsum) from chloride of sodium 
{common salt), this cannot be effected by water alone, sulphate 
m lime being partially soluble in that fluid ; but by employing 
II mixture of one part of alcohol and two or three parts of 
^ater the two substances are easily separated, sulphate of lime 
!l)eing insoluble in diluted spirit. Acida, again, sometimes act 

^*'" -nere solvents, and may be conveniently employed aa such ; 
B oxalate of lime dissolves in hydrochloria acid without de- 
Cpmpoaition, as does also phosphate of lime, and both of tliese 
Mlts may be obtained again from their acid solution, unaltered 
|}y eupei'saturation with ammonia. 

' 7. The apparatus required for the purpose of solution ia in 
jl^eral very simple. For qualitative experiments there ia 
nothing so convenient aa the Test Tube. It ahould be made 
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of hard G-erraan glass, and the bottom blown round and" 
tolerably thin. The student should possess a good stock of 
them : they should be of various sizes, from three to six inches 
long, and of such a diameter that they may readily be closed 
with the thumb, for the purpose of agitation. They should be 
kept ready for use in a rack, to which it is advisable that there 
should be attached a series of pegs on which the tubes may be 
inverted, to drain after being washed. If the tube-rack stand 
be provided with a couple of drawers, they will be found to add 
to its convenience : they serve to hold the blowpipe, platinum 
foil and wire, charcoal supports, fluxes, etc. etc. A spring- 
holder is a useful accompaniment to the test-tube apparatus ; 
it serves to grasp the tube while its contents are under the 
influence of heat. When larger quantities of liquid have to 
be operated upon, flasks of various sizes may be substituted 
for test tubes. They should be of thin glass, with flattened 
bottoms and bordered mouths, ground smooth for the reception 
of corks, and to admit of being closed air-tight by ground- 
glass plates. The common Florence-oil flask is a useful 
chemical vessel ; the edge of the mouth should be rounded in 
the blowpipe flame, whereby it is rendered less likely to crack 
by the insertion of a cork. It is, generally speaking, of very 
uniform thickness throughout, and will bear the direct applica- 
tion of heat without cracking. As a general rule, however, 
the naked flame of the oil, gas, or spirit lamp should not be 
allowed to come into actual contact with the bottoms of large 
glass vessels, but the heat communicated through the medium of 
sand ; for this purpose a set of thin shallow iron dishes should 
be provided, from three to six inches in diameter, which should 
be about half filled with fine siliceous sand. They may be 
supported on the rings of a retort stand, and they then form 
very convenient media for conveying heat to flasks, beakers, 
etc. To support Florence flasks, and other round-bottomed 
vessels, rings of thin sheet-iron or copper, covered with list, 
will be found very serviceable: they should be of difierent 
diameters and heights ; they are likewise of great use for sup- 
porting evaporating-basins, and the laboratory should, therefore, 
be plentifully supplied with them. 

PRECIPITATION. 

8. The term precipitation does not necessarily imply the 
subsidence of a solid substance to the bottom of a vessel, inas- 
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luucli aa the body rendered insoluble may either float oa the 
iturface of the liquid, or remain suapended in it. When the 
ohemiat speaks of a body being precipitated, he means that it 
has, by the action of certain agents, passed from a soluble to 
sn insoluble state. The body separated is called the precipitate, 
and the subatance occasioning the separation is called the j 
eipitant. The veasek employed for effecting precipitati 
may be the same as thoae already described tor aolutiotis, to 
-which may be added the beaker, a thin-bottomed tumbler, 
•irhich may be procured at any chemical glass warehouse, of 
til sizes, generally in nests of eight or ten from half a gill to 
■p pint and upwards. For small quantities the test tube is 
always employed; when the quantity is large, the beaker is, oe 
•Hie whole, the most convenient, from the admirable manner in 
'which it bears sudden elevations of temperature. Precipitates 
ijtiBrke their appearance in very different forms, and under very 
different circumstances. The student must, therefore, be 
careful not to draw too hasty conclusions witli regard to the 
(Wtion which bodies esert on each other; and if, on bringing 
tvo substances into contact, he observe no immediate effect, 
'he must not, on that account, conclude that no action has taken 
or will take place. A few examples will serve to illustrate 
this. 1st. The precipitate may not make its appearance until 
«fter the lapse of a considerable time. Thus, in testing for 
magnesia, by means of phosphate of goda and ammonia, if the 
garth esiat in the solution only in very minute quantity, no 
"precipitate will perhaps make its appearance for several hotira ; 
lays may even elapse ere the minute stellar crystals of the 
^double phosphate ot magnesia and ammonia can be distinctly 
ognized. 2nd. Decomposition may have taken place, and 
i, from the solubility of the educt in tbe fluid menstruum, 
Bo precipitate makes its appearance. Thus, on adding oxalie 
^icidto B. solution of lime in hydrochloric acid containing free 
icid, no precipitate appears, oxalate of lime being soluble in 
If drochloric acid ; but, on neutralizing the liquid by ammonia, 
salate of lime is immediately precipitated. Again, on adding 
to an aqueous solution of malate of soda a few drops of chloride 
tjf ealeium, the fluid still remains clear, malate of lime being 
-•oluble in water, but on the addition of alcohol it instantly 
teparatea as a white powder, 3rd. Occasionally (though this 
M rare) the precipitate makes its appearance only on the appli- 
ifation of heat, the newly-formed compound being more soluble 
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in cold than in hot water. Thus, on adding lime water to a 
cold solution of citric acid, or a citrate, no precipitate takes 
place till the solution is heated, when basic citrate of lime 
appears as a white powder, which redissolres as the solution 
cools : again, on adding a cold dilute solution of caustic potassa 
to newly precipitated tartrate of lime, a clear solution is ob- 
tained, but on heating, a gelatinous precipitate separates, which 
is again dissolved as the solution cools. 4th. The precipitated 
substance is frequently redissolved by an excess of the precipi- 
tant : thus, hydrated oadde of chromium, hydrated oxide of zinc, 
and alumina, are each thrown down from solutions of their 
salts by potassa, but the precipitates are all completely and in- 
stantly redissolved by the addition of an excess of the alkali : 
again, on pouring iodide of potassium into a solution of chloride 
df m&rcwry, a beautiful scarlet precipitate immediately ensues ; 
but, if excess of the iodide be added, the precipitate is dissolved, 
and a clear and colourless solution obtained. 

9. The forms in which precipitates make their appearance 
have been distinguished by various names, such as crystalline, 
examples of which are furnished by the acetate of silver, a salt 
formed on adding solution of a neutral acetate to solution of 
nitrate of silver ; by the double chloride of platinum and potas- 
sium, and by the bitartrate of potassa ; pulverulent, as the 
oxalate and sulphate of lime ; flocculent, as alumina ; curdy, as 
chloride of silver ; gelatinous, as when oxide of zinc is precipi- 
tated from its solution by potassa or ammonia, or as when 
chloride of calcium is added to an aqueous solution of hydro- 
"fluoric acid, or of the soluble fluorides, in which case the pre- 
cipitate is so transparent that it may easily be supposed that 
no change whatever has occurred. Sometimes, again, a reaction 
is evinced by the mere turbidity of the liquid, as when nitrate 
of silver is added to a solution containing minute traces of 
ehhrine, or when a solution of a protosalt of tin is diluted with 
water, in which case the neutral salt is decomposed into a 
soluble acid and an insoluble basic salt ; or as when solution of 
protochloride of tin is added to a very dilute solution of gold, 
when a purple-red tint is produced without the formation of 
any precipitate. The subsidence of a precipitate is frequently 
greatly facilitated by agitation. In cases where an elastic 
substance is evolved by agitation, or where there is excess of 
ammonia present, the flask employed should not be too thin, 
or it will be liable to burst from the pressure of the vapour: 



the addition of acids and Balta also occasionally greatly facilitates 
precipitation; chloride of silver and mlphate of baryta, for 
sample, separate much more readily by the addition of nitrio 
moid; and oxide of tin, formed by the action of nitric acid on 
the metal, baa its precipitation hastened by the addition of 
eemmon salt. Oxide of iron again ia sometimes eliminated in 
H> finely comminuted a form that it remaiae suspended in the 
liquid for days ; an addition of a known quantity of nitrate of 
bad, and a corresponding quantity odulphurie acid, may often 
be very advantageously made to the turbid liquid ; a known 
quantity of sulphate of lead ia thereby introduced, which in 
Ita precipitation seldom fails to carry with it the whole of the 
suspended oxide of iron ; lastly, JPruttian blue precipitates 
from a solution containing free ht/droehlorie aeid mach more 
readily and completely than from a neutral liquid, la qualita- 
tive testing, where the object is generally merely to ascertain 
the colour and general chemical characters of a precipitatTe, a 
few drops of the precipitant usually suffice, and the operation 
tnar almost always be performed in a test tube : but in quanti- 
tative eiperiments, where every particle of the precipitate 
must be obtained, the precipitant is added drop by drop until 
no further effect is produced, and the operation is most con- 
veniently conducted in a beaker. 

PILTBATION, DECAKTATION, AND WASHING. 

10. The separation of a precipitate from the fluid in which 
it has been produced may be effected either by filtration or 
decantation. For the former purpose white unsized paper ia 
used, the perfect purity of which in qualitative operations is 
not very often a matter of consequence : it should be suf- 
ficiently strong to bear the weight of a considerable quantity 
of fluid, and yet so porous aa to admit the free and ready 
passage of liquids. There is no difficulty in procuring^ paper 
-of this kind, though it ia not easy to obtain unobjectionable 
{taper for quantitative operations ; for, as it frequently happens 
that the filter has to be ignited with the precipitate, it is of 
course necessary to take into account the quantity and quality 
»f the ashes left by the paper. An excellent article is some- 
dmee to be met with unoer the name of Swedish paper, a filter 
four inches in diameter of which does not leave more than a 
hundredth of a grain of ash. It is difficult, however, to pro- 
cure it genuine, and it is therefore advisable to free paper 
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intended tor minnte &nd delicate experimentB as much &b 
possible from inorganic matter by treating it with hydrochloric 
acid, and subsequently washing with distilled water, so oa to 
remove every trace of the acid; after drying, it may be con- 
sidered fit for use. The inorganic impurities in filtering paper 
are iron, lime, and eometimea magnesia. The paper is cut into 
a circular form of the required size and folded twice in opposite 
diiectione, bo as to bring the four quadrants together; one 
quadrant is then opened from the other three so as to produce 
a conical cavity, as shown in Fig. 1. 
The paper thus prepared is placed 
inside a glass funnel ; care shonld be 
taken that it does not extend be- 
yond, or even quite reach, the edge 
of the fiinnel. Previous to pouring 
the fluid to be filtered on the paper, 
the latter should be moistened with 
distilled water, which quickens the 
process and diminishes the chance of 
solid matter passing through the 

i-r- 1° qualitative erperiments where it ia 

desirable to expedite the operation as much as possible, and in 
cases where a large quantity of a bulky precipitate has to be 
separated, the filtrate being the valuable part, — as for example, 
in the separation of the alkaline earths by bw^ta water in the 
process for estimating alkalies, — the filter may be plaited so as 
to prevent its close adhesion to the glass. Bibbed funnels are 
sometimes employed for the same purpose, but they do not 
answer the purpose nearly so welt as 

!rA-k plaited paper. It is difficult to de- 
'■ # V scribe toe method of making these 
iAtf plaited filters : an inspection of Fig. 
1m % which shows the appearance the 
iw paper should present, will probably, 

^m however, convey all the requisite 

f information. In cases where the 

precipitate has to be carefully col- 
lected, plain filters should invariably 
be used, as it ia difficult to remove 
^' ^- the solid matter efi'ectually, irom the 

external and re-entering angles of the plaited paper. The funnel, 
during the operation of filtering, is placed on the ring of the 
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itort stand, or in one of the holes of a filteriog-staud, and 
"She fluid, if in a beaker, ia carefully poured down a glasa r 
in the manner shown in Fig. 3. The edge of the beaker is 
greaaed, by which the adhesion of particles of the liquid ia 
prevented, and all loss from trickling down the outaide of the 
glass obviated. The clear duid as it drops from the funnel 
ghould not be allowed to fall directly into tlio receiving vessel, 
'J>ut caused to impinge on its side, as shown in the figure ; 
by attending to this, we avoid all chance of loss by the 
splashing of the liquid. These minuiiie of course principally 
apply to quantitative esperimenta. Theprecipitate, being col- 
lected on the filter, has to be washed. This operation ia best 
performed by means of the wash bottle seen in Fig. S, the 




t method of uaiug which useful piece of apparatus is sufficiently 
f obvious; it la filled with distilled water, and on forcing a 
I "stream of air from the lipa through the short tube, a jet of 
L water ia propelled from the bent tube by the preaaure of the 
■ lur, and may be duected either in drops or in a pretty power- 
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fill stream wherever it is required. It is useful to have four of 
these battles at hand : one stout one, for cold water for general 
purposes ; one made from a thin flat-bottomed flask, for hot 
water ; and two smaller ones, for alcohol and ether. The wash- 
ing of the precipitate is to be continued until a few drops of 
the filtrate leave no residue when evaporated to dryness on a 
strip of platinum foil ; occasionally, however, this indication 
would be fallacious in consequence of the partial solubility of 
the precipitate in water ; in these cases, special testing of the 
filtrate must from time to time be had recourse to. In washing 
a precipitate on a filter, the solid matter should be washed from 
the sides of the paper and collected, as much as possible, in a 
thick stratum at the apex of the cone ; the water will not in 
this case pass through so quickly, but under more favourable 
circumstances for exerting its solvent power on the substances 
to be removed. During the operation of filtering, the funnel 
should be covered with a glass plate, to protect its contents 
from the dust and dirt of the laboratory. When the precipi- 
tate subsides rapidly and collects into a small space at tne 
bottom of the vessel, the supernatant fluid may frequently be 
advantageously removed by a siphon, which may be made from 
a piece of glass tube about 2 feet long and 0*3 of an inch in- 
ternal diameter. The extremities should be somewhat con- 
tracted. When this instrument is about to be used, it is filled 
with water from the wash bottle, and, keeping the longer leg 
closed by a finger, the shorter leg is introduced into the fluid, 
taking care not to disturb the precipitate, and then, on remov- 
ing the finger, the fluid is permitted to run out into a vessel 
placed to receive it. With care, and by gradually inclining the 
vessel, nearly the whole of the clear fluid may be removed from 
a precipitate, the washing of which may either be continued 
by decantation, or, which in most cases is preferable, it may 
be thrown on a filter and washed as usual. In cases where 
small quantities of fluid have to be removed from a precipitate, 
the pipette is frequently found very serviceable. This is a 
narrow glass tube, with a bulb about an inch in diameter blown, 
in it, and drawn out below to a moderately fine aperture. To 
use it, the aperture is immersed in the liquid, and the mouth 
being applied to the other end the liquid is raised by withdraw- 
ing the air ; the finger being then placed on the upper end of 
the tube so as to close it, the instrument may be removed, and 
its contents transferred to another vesseL When the object is 
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to remore finely divided matter from coiieentrated acide, filtere 
of powdered gInsM are employed ; coarse fragmentB of gJass are 
first put into the neck of the funnel, these are BucceHsively 
ooTered with other portions more and more comminuted, the 
top being finished by a layer of small fragments ; ou this the 
acid ia poui-ed, and, on passing througli, it hecomea clear. It 
IB sometimes of importance to prevent the occess of air as 
much as possible during the filtration of certain liquids, as, 
for instance, in the separation of eaugiic soda or potash from 
carbonate of Ime. An apparatus for this purpose haa been 
described b^ Mr. Donovan ; it consists of a vessel somewhat 
resembliog in shape an hour-glass provided with a tube of com- 
munication between each bulb,; in the narrow part of this vessel 
B small pellet of cotton or asbestos is somewhat loosely 
placed, the liquid being introduced through the neck of tbe 
upper vessel, which ia closed by a stopper; now, for every drop 
of liquid that passes through the filter into the lower veaael, 
it is obvious that an equal volume of air must find its way 
through the tube of communication with the upper vesBel. 
The filtration of the liquid thus proceeds in an uninterrupted 
manner without any communication with the external air. 

11. The precipitate, being collected on the filter and well 
'washed, hna in quantitative experiments to be dried and 
weighed ; its further treatment for this purpose depends on 
I whether or not it may be ignited. If its nature be such that 
I it will not bear n high temperature without decomposition, 
I which ia the case with all organic substances, the filter must 
I have been previously dried at the same temperature to which 
, it is subsequently to be submitted with the precipitate, and 
in that state carefully weighed. As filtering-paper is a very 
hygroscopic substance, the filter must be weighed in a closed 
vessel (a platinum crucible, with an accurately fitting cover, 
may be used for the purpose) ; it must be introduced while 
hot, and it is advisable to allow the whole to cool over a 
vessel of sulphuric acid underneath a bell jar. The weight of 
the filter and crucible being noted, the precipitate is collected, 
and, the rinsing-water having been allowed to run off as 
much as possible, it is removed from the funnel, and placed 
upon two or three folds of bibulous paper, or, which is better, 
on a warm tile or brick, by which a great deal of the adher- 
ing water is removed ; it is subsequently dried in the crucible 
I until it ceases to lose weight, and by simply subtracting ths 
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weight of the filter and crucible from that of the filter, crucible, 
and precipitate, we have the exact weight of the latter. 

12. When the precipitate may be ignited, it is not neces- 
sary to determine the weight of the filter, but the weight of 
the ash which a filter of an equal size leaves on ignition must 
have been ascertained by a previous experiment. The pre- 
cipitate is allowed to get as ary as possible in the funnel, for 
which purpose it is well covered with a piece of bibulous 
paper, and placed for some hours in a warm situation; the 
contents of the filter are then transferred as completely as 
possible into the crucible in which it is to be ignited, and the 
filter itself burned, either hj doubling it up, and, having 
applied a light to it, allowing it gradually to consume, holding 
it by a forceps over the crucible placed on a glazed sheet of 
paper ; or, in the manner recommended by Fresenius, by cut- 
ting it in small pieces and incinerating it on the cover of the 
crucible, heated to redness over a gas or spirit lamp. The heat 
must be continued till every trace of blackness is removed 
from the ash, and this, in some cases, as for instance when the 
subject of the experiment is the phosphate of nmgnesia and 
ammonia, takes a considerable time. Care must be taken to 
^conduct the operation of burning the filter in a spot entirely 
Jprotected from draught. The ash of the filter is mixed with 
the precipitate in the crucible, and the whole is exposed to a 
heat gradually increasing until it gets red-hot ; it is then 
covered, allowed to cool, and weighed: from the gross weight, 
that of the crucible and filter ash have to be deducted to arrive 
at the weight of the precipitate itself. The operator must be 
careful not to heat the crucible too strongly at first, for, if the pre- 
cipitate should not be perfectly dry, particles are apt to fly out, 

SOUECES OP HEAT. 

13. Where gas can be obtained, there is nothing so con- 
venient or so cheap. When coal gas is allowed to mix with a 
sufficient quantity of atmospheric air to effect a complete com- 
bustion of its carbon, it burns with a flame which, though 
having but little luminosity, possesses great heat, and throws 
off no solid charcoal on cold bodies held over it. It is thus 
lidmirably adapted for the ignition of crucibles. Fig. 4 shows 
one of the simplest arrangement of the coal-gas jet for this 
purpose. The mixture of gas and air takes place in the copper 
cylinder, and it is inflamed above the wire-gauze, fastened over 
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the top. The crucible to be tented is supported on a triangle 

of platinum wires laid ncrosa the ring of a retort stand. 

14. The autiior Laa Mr. Oi'iffin's permisBion to avail himself 

of the following descriptions and drawiegs of a simple form 

of gas-burner, which, aided by 

suitable fittings, can be used ns 

a convenient source of heat for 

moat operations of the chemical 

laboratory and lecture table.* 

It will boil a quantity of liquid 

exceeding two gallons at once ; 

it will raise a 4f inch fire-clay 

crucible to full redness; it will 

fuse anhydrous carbonate of 

Boda in greater quantity thau 

ia required for the analysis of a 

ailiceouB mineral ; and it will 
I Baelt small quantities of sterling 
uilTer. Tbia amount of power 
|J8 sufficient for most chemical 

iperations that are not metal- 
■tergic. 

Thf Gna Burner.— Fig. 5 re- 
^jresenta the gas-burner of this 
^W)paratus. The gas is supplied by the horizontal tube, whence 

[fr passes througb a set of small holes into the box a, in which 
i with atmospheric air that enters freely by the holes 

ftown in the sketch. The gaseous mis- 

ture passes up the vertical tube b, and is 

ipflamed at the top, where it burns with a 
nngle, tall, blue flame, which gives no 

BDoke, very little light, but much heat. In 

(bis condition, the apparatuH difiers from 

IfBuusen's gas-burner" only in size, c re- 
Bsents a thin brass cap, which fits the air- 
lut moves easily round it. rf is a 

iat, cast-iron box, with many holes round 
! margin, and a few smaU onea on the 
Itop. This bo: fits loosely on the upper 
■part of the tube b, and when it is placed upoi 
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• Firet dcacribca in the ' Chemical Kewa ' of Not. End, 1861. 



14 



aUALITATIVS ANALYSIS. 




Fig. 6. 



IS lighted, the flame produced consists of a series of radiating 
jets, forming a horizontal circular flame of about seven inches in 
diameter. Fig. 6 a shows a ring of horizontal flames thus 

produced, and b shows the 
single vertical flame.* The ring 
of flame is suited to the pur- 
poses of boiling and evapora- 
tion ; the single flame to igni- 
tion and fusion. The height of 
the apparatus represented bj 
Fig. 5 is 12 inches ; the bore of 
the tube 6 is 1 inch ; and the ' 
diameter of the fire-box ^ is 4 
inches. 

Bunsen's gas-burner, what- 
ever its size, is subject to two 
defects : sometimes the flame 
burns white and smoky, and 
sometimes it blows down, the 
gaseous mixture explodes, and 
the gas then bums with a smoky flame in the air-box a. Fig. 5. 
The remedies for these defects are as follows : — If the flame is 
white only when the gas is turned on very full, the remedy is 
to lessen the supply of gas ; but if the flame continues to 
bum white at the top when the gas is gradually turned off, 
and the mass of flame slowly sinks, then the holes which 
deliver the gas from the supply pipe into the air-box are too 
large, and are placed too directly under the centre of the 
vertical tube 5, Fig. 5, and these defects must be corrected in 
the instrument. Finally, when the flame blows down, it is 
because the supply of atmospheric air is too large in propor- 
tion to the supply of gas, and their relative proportions must be 
altered. To effect this alteration, the cap c is to be turned 
round on the air-box a, so as partially to close the holes, and 
thus lessen the supply of air. If, when the gas is alight, the 
flame needs to be lowered, first the supply of air is to be 
lessened, and then the supply of gas. If the flame is to be 
enlarged, first the supply of gas must be increased, and then 
the supply of air. In short, to prevent the flame blowing 

* Fig. 6 h represents a small variety of this gas-burner, in which the head 
is not removable, but the efflux of the mixed gases is regulated by a sliding 
valve. 
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down, the gas niuat alwnys be first placed in excess, &nd then 
liave the proper quantity of air adjusted to suit it by means of 
tte regulator c. 

Arrangement for Boiling and Evaporation. — Fig. 7 represents 
this gas furnace arranged for boiling aud evaporation, a is the 
ga»-burner, Fig. 6 ; h^ au iron stool 
with three legs ; c, a furnace body, 
or iron jacket, lined with plumbago 
«r fire-clay. Fig. 8 shoirs the jacket 
■nd lining in sectioD, and marks the 
position of the flre-bos, d, of the 
gaa-burner. This furnace is IJi inches 
oigh, and 9 inches in diameter. The 
three brackets fixed on the upper 
port of the jacket serve to support 
tbe vessel that contains the liquid 
that is to be boiled or evaporated. A 

Sircelain basin of 16 or 18 inches in 
guneter can be thus supported. It 
ia important to allow between the 
jacket c and the evaporating-basin 

Blenty of space for tbe escape of the heated air, which aBcends 
Irom the interior of the furnace. When tbe evaporating-basin 
is of small diameter, it may be supported on iron triangles, 
placed in the furnace c. Fig. 8 shows that, around the vertical 
t^be of the gas-burner, a, there ia in the 
bottom of the furnace, c, a cu'cular openiug, 
which is of 2 inches diameter, and through 
vbtch air passes freely, partly to leed the 
flame and partly to be heated by the fiamo, 
aud be directed upwards in a continuous 
current upon the lovfer aurtace of the bnsm 
that ia to be heated. Tbe flame within the 
furnace bums steadily. Xo side currents 
of air agitate it. !No part of it touches, c 
mitted to touch, the basin, which should receive its heat solely 
from the mass of ascending hot air. The gas-bunier thus 
arranged, and supplied by a gas-pipe of J inch bore, burns about 
33 cubic feet of gas in au hour, and the flame which it produces, 
acting upon water contaiued in an open porcelain evapornting- 
basin, will heat from 60° to 212" Fahr., 1 quart in five minutes ; 
1 gallon iu fifteen minutes j 2 gallons in thirty minutes. And 
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Then the irater boUa it is driven off in steam at the rate of- 
more than a gallon of water per hour. The method ia con- 
BBquently applicable to diatillatioa on a email scale, and to 
numeroua operations in pharmacj', 

Arrangemeat for heattttff to Redn^aa a large Mre-elt^ 
Crucible, — "When a large crucible ia to be heated to redness,— 
as, for example, when oxide of copper is to be dried for use 
in an oigamc analysis, — the gas-burner is to be used without 
the &re-boz, d, Pig. 5, and is to 
be arranged with the fumaca- 
fittiugs that are represented 
in perspective bj Fig. 9, and in 
section by the lower part of 
Fig. 12, a, b, e, d. Letter a re- 
presenta the gaa-bumer, Fig. 5 ; 
o is a tall iron stool ; e, a chim- 
ney which collects atmospherio 
air to feed the flame, and leads 
it up close to the vertical tube 
b, by which contrivance the air 
ia warned and the tube cooled ; 
d ia a fumace-aole or plate of 
fire-clay ; / ia a reverberator^ 
dome, the interior of which la 
best shown in the section, Fig. 
10; e is a cast-iron ring or 
trivet, represented more clearly 
in Fig. 11 ; 9 is an iron chimney, 
24 inches long, ajid 3^ inches 
wide; and h, a damper, to lesaen 
the draught when small cruci- 
bles are to be heated. The 
height of this apparatus, from 
a to the top of ^ia 24 inches j 
^ and the external diameter of the 
dome/ is about 8 inches. The 
crucible, which may be Irom 4^ 
to 4J inches in height, ia placed on the iron ring e, and that 
on the clay sole d, and it is then covered by the dome f. The 
gas should he lighted after the crucible is placed in its position, 
and before the dome is put on. The dome and chimney are 
then to be added, and the operation allowed to proceed. With 
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a crucible of tlie above size, the damper h ia not required ; but 
it muBt be used when tho crucible is under 4 inches iu height, 
otherwise the draught occasioned by estra space within the 
dome causes the flame to blow down. The damper must be 
put on the chimney before the chimney is put on the dome. 




Fig. 10. 

5?he iron ring, Fig. 11, or e. Fig. 10, suits crucibles of dif- 
ferent aizOB, according to the side of it which is turned 
ippermost. 

The figures show that a crucible mounted in this furnace can 
lose very little heat by radiation or conduction, and hence it 
is that a small gas-flame produces a powerful effect. In half 
an hour a 41-iuch clay crucible, filled and covered, can be 
heated to full redness. The progress of the ignition can be 
easily examined by lifting up the chimney g and the dome/by 
their respective wooden handles. But the action of the furnace 
1 also be judged of by a peculiar roaring noise which it 
produces. If the gas and air are niijted in due proportions, 
the roar is regular and cootinuous. If there ia too much gas, 
the roar ia lessened. If too much air, the roar is increased, 
: ia rendered irregular and intermittent. The greater the 
se, the greater the heat iu the furnace ; but when the roar 
becomes spasmodic, the flame is on the point of blowing down. 
To prevent that occurrence, tlie proportion of air must be 
' lessened or that of gas increased. 

Arrangement for healing Flatinum Crucibles, as in the 
Fusion of Silicates mth Carbonate of Soda. — The follow- 
ing arrangement is convenient when small crucibles are 
to be strongly heated: — ^Anhydrous carbonate of soda in 

PAST I, 




1000 grains can be thus readily fused, 
of sterling silver enu be melted in a clay 
available for ignitions or fusions in small 
Pig. 12 represeuta the arrangement of 
apparatus as seen in section, a is 
tne gaa-burner ; b, the stool ; e, the 
air-chimney ; and d, the furnace 
sole, as already explained, t is a 
cylinder of fire-clay, 4 inches high 
and 4^ inches diameter ; £ ia a 
plumbago or fire-clay furnace, in 
which is placed a Bmall cast-iron 
ring, similar in form to that re- 
presented by Fig. 11, and on tbis 
ring the platinum crucible is ad- 
justed ; Hb a fire-clay or plumbago 
reverberatory dome j and ff is the 
chimney that forms part of the 
furnace represented by Fig. 9. The 
crucible being adjusted, the gas 
lighted, and the dome aud chimney 
put on, the lapse of twelve or fit- 
teen minutes, according to the qua- 
lity and pressure of the gas, sufficea 
for the fusion of 1000 grains of 
carbonate of soda in a platinum 
crucible.* 

It will be noticed in Pig. 12 

that the crucible is placed very 

high above the orifice of the tube 

4 a, at which the gas is inflamed. The 

distance is, in fact, about ten inches, 

the point of maximum heat in the 

flame being at nearly that distance 

^'g' 12. from the burner, more or less, 

according to the pressure and the quality of the gas. The gas 

which rises from the burner a, though mixed with as much air 

as it will bear without becoming explosive when lighted, does 



• If Oils quantitj of fused <arbon»to of soda be pormitted to cool and 
cODBoUda(« in e, platinuin crucible, tlio ealt is liable to expand and buret 
the crucible. 
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not contain sufficient oxygen to burn all the carbon present in 
it. The flame produced ia, consequently, quite superficial. The 
gaseous mixture only burns on the surface where it is in con- 
tact with fresh atmospheric air, and it requires time to take 
np the requisite amount of oxygen. The draught produced by 
the joint action of the two chimneys c and y carries the flame 
rapidly to a great height before the point of complete combus- 
tion is attained. 

When the highest degree of heat is not required, the re- 
verberatory dome I may be omitted. It must also be dispensed 
.yrith when the crucible that is to be heated is of comparatively 
', because it is then liable to lower the temperature of 
;he furnace by impeding the draught. 

The efl'ects that have been ascribed to the various arrsnge- 
of this gas-furnace can be produced with gas supplied 
fl>j a pipe of a i^-inch bore, and at a moderate pressure giving 
iJrom 30 to 40 cubic feet per hour. 

The principles of heating by gas, which have led Mr. 
iQ-riffin to the construction of this furnace, may be summed 
follows : — When a crucible or other solid body is to be 
lieated, it is to be wrapped in a siugle flame at the point of 
maximum heat, and loss of heat by radiation and conduction 
is to be prevented by the interposition of non-conducting 
materials (plumbago or fire-clay); and when liquids are to be 
boiled or evaporated, particularly when they are contained in 
veHsela of glass or porcelain, the flame ia to be broken up into 
numerous horizontal .jets, and these are to be made to supply 
a large and regular current of highly-heated air, by which alone, 
and not by the direct application of the flame, the vessel that 
contains the liquid ia to be heated. lu both cases provision 
must be made to secure a sufficient draught of air through the 
furnace, because every cubic foot of gas requires for combustion 
10 or 12 feet of cubic air, and the gases which have done their 
duty must be rapidly carried away from the focus of heat. If 
the steam, the carbonic acid gas, and the free nitrogen, which 
CODBtitote the used-up gases, are not promptly expelled, fresh 
gaeeouB mixture, in tne act of producing additional heat by 
combustion, cannot get near the object that is to be heated, and 
the heat so produced out of place is wasted. 

15. Normandy's Gag Blotepipe furnace* — This is shown in 

• Normflndj'a Chemical Alius, p. viii. 
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Fig. 18. It conBiats of a wire-gauze cylinder partly eased in sbeet- 
ipon, in communication at the lower part with the atmoapheric 
air, closed at the upper part by a diaphragm of wire gauze 
of about 700 openitigs to the square inch and provided with b 
short, slightly con al cover pertorated n the centre. A blow- 




pipe jet, placed outs de the cyl nder travereeB the diaphrogm, 
and opens on a le el with the aperture of the cover ; a blast of 
air is sent into the centre of tl e flame by means of a flexible 
tube of vnkan zed caoutchouc trom a bellows as shown in the 
flgure, a flame a thus produced ot very great intensity, and 
well adapted to most of the req rtn eots of the laboratory. 
16. Where a supply of gaa cannut be obtained, the chemist 
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to spirit-lampa or furnaces for the i^i- 
crnciblea. A useful form of Berzeliua'a apirit- 
iwn in Fig. 14 ; the reservoir containing the spirit 




being at a distance from the burner, it escapes being heated 

during long operations. Fig. 15 represents a lamp of Russian 

invention, by which a powerful heat may be obtained in a few 

minutes. It consists of 

a strong double brass J 

cylinder or box ; the dot- 
ted lines in the figure 

ahow the arrangement of 
' the interior ; a piece of 

tube terminating in a jet 

passes from the exterior 

to the interior chamber, 

rising nearly to the top 

of the former ; the fuel 

(spirit) is supplied 
' through the aperture, 6, 

which should he closed 

with a good cork, and Fig. is. 

never with a brass cap, with whicli the instrument is sometimes 
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sold. To give the lamp its Tnsximum charge, the spirit should be 
poured in until it begins to flow out from the jet; a sufficient 
quantity should then be poured into the inner chamber, to reach 
within half an inch of the apex of the jet. The principle of 
the lamp will now become obvious. On inflaming tee spirit in 
the inner chamber, that in tlie outer chamber gets heated and 
soon boils ; the pressure of the vapour forces the boiling spirit 
through the jet in a powerful stream, which of course becomes 
immediately ignited, and thus acts ns a powerful blowpipe; 
and so great is the heat produced, that a platinum crucible, 
placed in the position shown in tbe figure, speedily becomes 
iguiLed to whiteness. A platinum triangle must bo used to 
support the crucible, as au iron one would speedily become 
destroyed. A lamp on this construction, about 3^ inches in 
height, and 3^^ inches in diameter, will burn with a charge of 
4 oz. of spirit for thirty minutes, which is long enough for ail 
ordinary fluxions with carbonate of soda ; it frequently, there- 
fore, eaves the necessity of lighting a furnace. In using this 
lamp certain precautions must be used before giving it a charge 
of fuel. The operator must assure himself that the jet or pipe 
is not choked up by blowing through it ; the cork at b should 
not be put in too tight, in order that it may be the part of 
least resistance should a stoppage occur during an operarion j 
and lastly, the cork should be turned from the operator during 
an experiment, to secure him from accident should it get blown 
out by a stoppage. 

Besides these diifercnt forms of lamp, tbe common twisted 
cotton-wick spirit-lamp is a vtry useful instrument ; a very 
considerable degree of heat may be obtained from it ; and small 
platinum crucibles may be heated to redness in its flame. The 
heating power of all these lamps is greatly increased by eDctos- 
ing the crucible in a jacket of iron plate, as represented in Fig. 
14. Professor Sainte-Claire Deville has contrived a lamp, in 
which the combustion of spirit of turpentine is effected with tbe 
assistance of a blast of atmospheric air, and the result is the 
production of a high degree of heat. {See Griffin's ' Chemical 
Eecreations,' pp. 582-3.) 

17. Furnaces. — Tlie varieties of furnaces that have been con- 
trived by different chemists for particular and for general pur- 
poses are almost innumerable, and it would require an entire 
treatise to descant on their several uses and comparative merits. 
In the well-appointed laboratory, the wind, blast, and rcverbera- 
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tory liininceB will of course find their proper places ; but, as it 
is no part of our object in this treatise to give a minute de- 
Hcription of the apparatus required in a large eheiuical eatn- 
blishment, we shall merely notice one or two of the furnaces 
which seem best adapttid to small private laboratories, aad for 
the use of students iu analytical chemistry. 

A very useful furnace may bo made out of a blaclt-lead or 
"blue" pot; one of those vessels, about a foot iu height and 
Bereu or eight inches in width at the top, will make a furnace 
quite large enough for the iguitiou of small crucibles, and for 
operations on the small scale. It should have a series of round 
holes pierced in it at equal distances apart round the side for 
the admission of air, aud it should be tightly bound round with 
etout iron or copper wire to strengthen and hold it together 
when it cracks. A small cast-iron grate resting between the 
'bottom aad the second tier of holes, and a moveible hood or 
ohimney, complete the apparatus. "There is no difBculty," 
Bays Faraday, " in raising a crucible two inches and a half in 
diameter to a white heat by a furnace of this kind, and that, 
in any situation which may be convenient upon the table or the 
floor, and with all the advantages of arranging or dismount- 
ingthe apparatus with extreme facility." Ono oi the greatest 
recommeDdations of this furnace is its extreme cheapness, 
the entire cost nob exceeding a few shil- 
lings. Minute directions for constructing it 
and arranging it for different operations will 
be found iu Faraday's 'Chemical Manipula- 

Fig. 16 represents Mr. Aikin's portable { 
blast furnace. Like the one last described, 
it ia made geaeraily out of black-lead pots, 
three being used for the purpose. The lower 

rof the first one serves as a resting-place 
the body of the furnace ; it has a bole 
drilled through it, by which air is supplied 
from a bellows to the body of the furnace, 
which ia another crucible placed above the 
lower one, in which several holes are drilled 
to admit air; over the second crucible a third 
is inverted, with a large hole cut in the side 
tea the escape of smoke aud gaseous matters. 

melted in this furnace, and moderate- sized crucibles 
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I full red heat in a few 



lutes. The fuel use^jH 



broaght to a 

Fig 17 18 known aa Black g furnace and is, perhaps, o 
wliole the moat conTenient wbere a stationary furnace is re- 
q 1 red It consists of a eaae 
ot strong sheet-iron lined with 
refractorv clav, the grate is 
fi^ed to the iron plate which 
supports the tube, and forms 
the top of the ash-pit, which ia 
proTided with a sliding door for 
the admission of air; there are 
van UB apertures in the front 
and sides of the furnace for the 
admission of tubes, crucibles, 
etc The fuel used is coke. 

18 Orueiblex. — By this uame 

are designated those vessels in 

which substances are subjected 

to high temperatures. They 

vary considerably iu materiel aa 

well as in shape. Those moat 

mmonly employed in the la- 

- boratory are the following; — 

Ihe IIe»mant)rucihle,io which 

preference will nlmost always be 

given where earthen vessels are 

required. They are triangular 

^ ^^ in shape, and will resist a high 

temperature, as well as the action of fluxes. They are not 

provided with covero, and are sold in nesta of five or sis, at a 

very moderate price. 

The Corniah crucible. — They are generally round, and are 
provided with covers. In power of resisting high temperatures, 
and the action of fluses, they nearly equal the Hessian, from 
which they are distinguished by their colour being white. 

Thei Blue pot, OT Black-lead Crucille. — These vessels are made 
of a mixture of black-lead and clay, and are generally of a large 
size, being principally used in the arts. They bear a very high 
temperature, and withstand the action of fluxes. 

Crucibles tasAeoi Berlin ware, biscuit porcelain, and Meiisen 
ware, are also much uaed, They are made very thin, and will 
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Fig 18 Fig. 19. 

;, the platinum crucible eliould 
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Btuid a high temperature ; the moat convenient shapeB are 
shown in Figa. 18 and 19. Besides these, a crucible and cover 
of platinum ib indiapenaable to the analytical chemist. This 
valuable vessel should be uaed with care ; it should never be 
exposed unprotected to 
the fuel of a furnace. In 
almost everj case a auffi- 
eient heat for all analytical 
operations may be obtaioed 
by gas, but nbeu a very 
high temperature is re- 
quired, and it is found 
neceaaary to resort to the for 

be inserted into a Corniali one, the intervening space being 
filled up vfith lime, A pure silver crucible may in many cases 
be substituted for one of platinum; but it must bo borne in 
mind that silver is far more fusible than platinum. Fusible 
inetaJs, orcooipoiinds oF metals likely to be reduced, must nerer 
be heated in vessels of silver or platinum, aa the alloys formed 
grently injure tbem : all compounds containing lead must also 
be particularly avoided. Our limits do not allow of our enter- 
ing into the details of furnace operations. The student will 
find the subject fiillv treated in Faraday's valuable work on 
' Chemical Manipulation.' 



19. For aubmitting small substances to high temperatures, 
and for obtaining a knowledge of the materials of wbicb tbey 
are composed, tbe blowpipe is an invaluable instrument, and 
one with the use of wbich the chemical student should spare 
no pains to make himself thoroughly acquainted. 

The blowpipe, though the forms which it haa received are 
very numerous, is essentially a tube terminated by a small, 
round, smootli aperture, through which a current of air can be 
propelled by the mouth against the side of a iiame. A minia- 
ture blast-furnace is thus set in action ; and not only ma; an 
intense white heat be produced and directed againi^t the subject 
of experiment, but several distinct operations may be performed 
on it, as will presently be shown. 

The moat simple form of blowpipe is a conical tube of 
japanned tin-plate or brass, about seven inches long, bent 
nearly at a right angle, about two inches from the narrow end ; 
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but as, during the operation of blowing from the mouth, 
aqueoua vapour condenses, and is driven tbrough tlie jet with 
the Btream of air, various contrivaDces Lave been deviaed for 
retainiug the water. 

Dr. Black'^ blowpipe, which ia the cheapest, and, on the 
whole, perhaps tl)e most useTul of the numerous forms which 
have been given to tbia inBtrument, is Bliown in Fig. 20. It ia 
a. conical japanned tio-plnte tube, two-fiftba of 
n inch wide at the broad end, which ia closed, 
od one-tliird of an inch wide nt the narrow 
end, which ia open. A small brasa pipe, 
terminated by a jet two inches long, and one- 
eighth of an inch in diameter, is adapted to 
the aide of the tube near the broad end. The 
moiature from the breath is condensed and 
retained at the closed end, the conical form 
of which eervea also, in some degree, to regu- 
late the pressure of the air. 

The principal point to be attended to in the 
construction of the blowpipe is the jet, of 
which there should be two. the calibre of the 
one being rather larger than that of the other ; 
the aperture ahould be perfectly round and 
smooth, and the cbatinel leading to it conical ; 
e made of platinum, as being easier kept clean. 
In using the blowpipe, the air is supplied from the mouth, 
and not from the lungs ; and during the blast the communica- 
tion between these two organs ia closed, respiration being 
carried on through the nostrils. The description of the method 
of blowing through the pipe ia far more difficult than its ac- 
quisition. It ia necessary, in the first place, to acquire the 
means of keeping the cheeks distended 'vsith air. whilst 
reapiration goes on in an unimpeded manner through the nose ; 
and to open and close the communication between the mouth 
and the lungs, and between the lungs and the air at pleasure. 
When this habit is gained, no difficulty is experienced in 
keeping up a strong and continuous stream of air without 
fatigue or injury to the health. 

The fuel lor supplying the flame for the blowpipe may be 
either that of a candle with a thick wick, or oil, or a solution 
of oil of turpentine in apirits of wine, or gaa. The latter, 
when it can be obtained, ia the most convenient ; and Griffin 
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(eee ' Chemical Eecreations ') recommeiids that the form of the 
burner should be that of a flat pipe, about IJ inch wide, and i 
of an inch broad, cut aslant at an angle of 40° from the hori- 
zontal. When oil (which should be olive or refined rape) is 
used, the beet form of lamp ia that used by Berzelius, Pig. 21. 



T 



Fig. 21. Pig, 33. 

The vesBel containing the oil, a, h adopted to a vertical snp- 
' port, e d, oti which it may be adjusted, at any convenient 
neight, by the screw, f. The oil-veaael is tnrnished with two 
apertures, c and b, each of which may be closed by a cap; the 
I fuel is supplied through e, and the wick ia introduced through 
the aperture, i. Fig. 22 ia the form of blowpipe employed by 
Plattner. If a caudle be employed, it should be anuffed rather 
efaort, and the wick turned on one side towards the object, bo 
, that a part of it may lie horizontally ; the stream of air from 
tbe blowpipe muat be blown along the horizontal part as near 
s possible without striking the wick. 
20. Structure of Flame. — To understand the method of ma- 
naging the blowpipe requires the knowledge of the properties of 
the diSereot parts of a flame, which may beat be studied in that 
of a steady- burulng candle. Fig. 23 represents aucb a flame, 
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which will be found, on examination, to coQaist of four distinct 
parta. The base, d d, is bright blue ; it ia here that osygen enters 
the flame ; the blue colour, which is produced by the thorough 
combuationofthecarbunof the fuel, disappears as thf fiameelon- 
gate8,givina;plaeeto a thin, scarcely visible coating, J b. Chemi- 
cal action is here most intense, and this eiterior mantle is the 
hottest part of the flame. In the very centre of the flame, sur- 
rounding the wick, is a dark, conical spot, a; this is 
the magazine, as it were, of the inflammable gaaea 
derived from the decomposition of the tallow ; it is 
shut out from all communication with osygen, and 
the combustible gaaea consequently remain un- 
burned. Surrounding this dark portion is an in- 
tensely luminous envelope, c e. It is here that the 
inflammable compounds of carbon and hydrogen are 
decomposed ; the hydrogen burns into water, but 
the carbon, not meeting with a sufBcient supply of 
oxygen to eff'ect its osidation, separates in a state 
of intense igoitioD, A few simple esperiments will 
serve to elucidate the above description. 
^j The hollow structure of the flame is proved by 
U l^^l bringing down upon it a piece of thin glass or wire- 
fj |I|H gau7,e, and viewing the section of the flame from 
\ jjU above. That this hollow ia filled with inflammable 
— -■' „„ gases is demonstrated by carefully introducing into 
' its centre a piece of tliin glass tube one-eighth of 
an inch in diameter, and six or eight inches long : the gases 
will escape through this tube, and may be inflamed at its ex- 
terior aperture. That the luminoua part of the flame eonaists 
of intensely ignited charcoal is ahown by introducing into it a 
cold body, such as a plate, which will become blackened from 
the deposition of carbonaceous matter. That the blue colour at 
the base of the flame is occasioned by the combustion of some 
form of carbon, is proved by holding close to it a glass rod, 
from the end of which a drop of lime-water is suspended — the 
clear liquid speedily becomes milky, owing to the formation 
of carbonate of lime ; and, lastly, that the hydrogen of the fuel 
is being converted into water at the exterior envelope is ren- 
dered evident by holding near it a large bright metallic sur- 
face, such as a polished snufifer, which speedily hecoraes be- 
dewed with moisture. Of these four parts of the flame two are 
priacipally concerned in blowpipe operations^ — the blue part 
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rand the luminous part ; and these two have totally different 
and indeed opposite functions. From the fir^t is produced 
the oseidinng name, and from the second the reducing flame. 
T " ' 
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The oxulininff Jlame m^ be considered as the blue oval ba^ 
converted into a cone. To produce it, the nozzle of the blowpipe 

introduced about one-tenth of an inch within the flame, im- 
mediately above the wick, and a gentle and uniform current of 
air kept up from the mouth. The heat is greatest at the extremity 
of this flame ; but to obtain the greatest osidizing power, the 
Bubject of experiment should be kept as far from the apei of 
the flame as is consistent with a sufficiently elevated tempera- 
ture. A too powerful blast must be avoided, as tending to 
cool the flame and to injure the process of oxidation : the aper- 
tuje in the nozzle of the blowpipe must not be too small. 

Fig. 24 shows the form which the flame should assume when 
oxidizing eflects are de- 
sired ; the blue dart, a, b, 
ia the lower blue exterior 
part of the flame in its 
natural state, now con- 
centrated in the interior. 
The reducing fiame ia 
more difficult to obtain ; 
the jet of the blowpipe 
must not be introduced 
into the flame, but kept juat 
air, thrown higher over the wick than 
the whole of the luminous 
portion thus becomes de- 
flected, and appears as a 
long narrow cylinder sur- 
ronnded by a feeble lumi- 
nous mantle. Itisinthelu- 
minous portion, consisting 
of partially consumed com- 
bustible matter, strongly 
disposed to combine with 
oxygen, that reductions 
are effected, and the assay must be 
it. Fig. 25 may serve to convey som 

pearonce of the reducing flame. If a lamp or candle be used 
as fuel, attention must be paid to the condition of the wick, 




Fig. 24. 
its edge, and the stream of 
the oxidising flame, 




Fig. 25. 

itirely surrounded with 
idea of the general ap- 
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which must be of moderate length, and very evenly and smoothly 
cut. The orifice in the jet of the blowpipe should be smaller 
than when oxidation is the object, the blast must be moderately 
strong and uninterrupted. For the purpose of acquiring practice, 
the student should fuse a minute quantity of oxide ofmanga^ 
nese with borax, upon a platinum wire in the oxidizing flame, 
when a violet -red glass will be obtained ; by submitting this 
glass to the reduction flame it will become colourless, or nearly 
so, according as the flame has been made more or less perfect. 
Or a piece of tin may be fused upon charcoal, and kept in that 
state for a considerable time, while it presents the appearance 
of a bright metal on the surface : this will require dexterity in 
the operator ; for if the oxidation flame should chance to touch 
the bright metal only for a moment, it becomes coated with an 
infusible oxide. 

21. Blowpipe supports, — Objectsaresupported before theblow- 
pipe either on charcoal or on platinum. When the subject of 
experiment has to be heated with free access of air, in order to 
see whether any volatile matters are given off, the operation is 
conducted in a glass tube open at both ends. The best charcoal 
for blowpipe operations is made from the wood of pine, willow, 
or alder ; it should be well burned and free from bark. Griffin 
recommends that a supply of capsules of charcoal should be 
kept ready for use ; he directs them to be made thus : — Take 
sticks of an inch in diameter, or, if the charcoal be in thick 
masses, cut it into sticks an inch square with a fine saw. 
Next, cut these sticks crosswise into flat pieces one-third of 
an inch thick, and make in each plate a cavity one-tenth of 
an inch deep, and one-fourth of an inch wide, to serve as a 
species of capsule to hold the substance to be heated. These 
capsules are held in the fire by a narrow and thin strip of 
tin plate. 

As there is some difficulty in procuring unexceptionable 
charcoal for blowpipe experiments, Mr, Qrvffin has described 
and recommended (* Chemical Recreations ') the following 
simple methods of preparing supports for fusions as well as 
for operations of reduction : — Into a small boxwood mould 
there is first pressed a plastic mass made of fine pipe-clay 
and charcoal powder mixed in equal parts, by weight, with as 
much water slightly thickened with rice-paste as is sufficient 
to form a stiff plastic mass. This forms a conical cup or 
crucible. On this is firmly pressed, by means of a suitable 
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iMXWOod pestle, a rmind ball of either of the corabuHtible 
corapoaitious described underneath ; tJie whole forms a small 
Cylinder half an ineh high, and half an inch in diameter at the 
top, and about two-fifths of an ineh at the bottom : 
about 16 grains, consisting of 10 grains of clay, and 6 grains 
of combustible matter. The little cylinder is easily removed 
irom the mould by means of the pestle, which, as well as the 
inside of the mould itself, should be oiled. 

The combustible portion of the support for fusions is 
Charcoal in fine powder ... 12 parts 

Eice-8onr i >, 

- "Water, about « „ 

5he riee is boiled with water to form a paste, with which the 
charcoal is afterwards mixed, into a mass of the consistence of 
dough. 

The upper part of the support for reductions is made of 
Cliareoal in fine powder ... 9 parts. 
Carbonate of soda, crystallized . 2 „ 

Borai crystallized 1 )> 

Eice-flour a" n 

Water, abont 8 „ 

Xhe water is boiled, the soda and borax are dissolved in it, and 
the rice is then added to form a paste, with which the charcoal 
is finally incorporated, and the whole well kneaded into a stiff 
aaa. 

In using the support for fusions, it is heated before the 
blowpipe till it is red-hot, and on reiuQi-ing it Irom the flame 
it continues to glow like a pastile, and would consume entirely- 
iway down to the clay mixture. A qnnntity of inicrocosmic 
alt ia now added, which immediately melts into a small cavity 
bored in the centre of the support, forming a head, which is 
.lieated in the blowpipe flame till it becomes transparent and 
colourless. It is new removed from the fi.ame, and placed on a 
Berlin capsule ; the subject of eiperiment is added, and, as in 
consequence of the glowing utate of the support the flui re- 
nuuofl in a pasty couditi.m, tlie added substance is immediately 
absorbed. It is agaia fused before the blowpipe, and on re- 
moving it the pastile burns gradually away, leaving the bead on 
the clay support, where it may be conveniently examined. 

In using the support for reductions it is first heated before 
Ihe blowpipe: as the charcoal consumes, the ftuxes fuse and 
** ime concentrated on the surface ; and on heating a reducible 
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metallic compound upon it, it becomes immediately exposed 
a powerful reducing action. 

TbcBe forms of support have certainly the merit of great 
portability, and are, tlierefore, well adapted to the travelling 
mineralogist. The whole of the apparatus may be purchnaed 
of Mr. Gri^n, of BunJiiU Bow, for a iesr shillings. Eice is 
chosen as being a strong, cheap, and convenient agglutinant, 
melting and binding the eharcoal powder well together, and 
yielding itself, by its deeomjjositioQ, a charcoal of difficult in- 
cineration. The supports are held before the blowpipe on a 
ring of iron wire thrust through a cork. 

When charcoal isemployed.for nearly all ordinary operations, 
the cavities may be bored in it by means of a simple conical 
tube of tin piate, the edges of which are sharpened by a file ; 
the diameter of the small end may be one-fourth of an inch, 
that of the large oae, one-half, A very ingenious charcoal 
furnace for quantitative blowpipe operations will be found de- 
scribed, though not 80 clearly as could be desired, in the valu- 
able manual of Plattner. 

Charcoal is employed aa a suppnrt when the subject of ex- 
periment has to be reduced ; but when the object is to ascertain 
what coloured bead it produces when fused with borai or 
microcosmic salt, a platinum wire curved at one end may be 
advantageously employed. It should be about two inclies long, 
and it may be fixed in a hilt, the handle of which ia hollow, 
aerving as a reservoir for extra wires. In using these wires 
the hook is moistened in the mouth, and then dipped into the 
pounded fused boras, whicli is melted in the flame into a clear 
bead ; when cool it is again moistened, a minute quantity of 
the substance to be examined caused to adhere to it, and both 
fused together. 

22. It is frequently required to heat the substance with 

nitre or bisulphate of potash ; this is done in the small platinum 

spoon, rig. 26, of which it is convenient to haietwosiKea — one 

about nine-siiiteenthB 

i- i ""ir I ^^^^^^^» of an iucli in diameter, 

for melting substances 
■^"S' -^- with bisnlpbate of po- 

taasa; and the other about three- eighths of an inch in diameter, 
for fusing substances with nitre. Stains on these spoons are 
best removed by rubbing them with charcoal powder. In order 
to try the fuBitiility of a specimen, it is held in the fiame by 
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Fig 27 
for tlie reductiOD of lead and tin ondea contained 
oalomed and uncalcmed mmLrals etv is given by Plattnec 
fine proof clay is kneaded into & stifl paate 
Tnth water and having nibbed the aurtaces 
of the boxwood press Fig 2S with oil a 
slip of paper three incheB m length and one 
fourth of an inch m breadth is placed on the 
middie of the concavity of the press which 
IB Beven-eighths ot an inch wide and Are six 
teentba of an inch deep and upon this a small 
clay ball abont half an inch in diameter the 
upper surface ot the press is then stamped 
horizontally on the clav mass as far aa is re 
quired This being done the superfluous clay 
mil have exuded and the handle or upper 

£rt of the apparatus can be removed easily 
careful taming with a small knife the 
ly which 18 dnven out mST be cut away and it can then 
seen whether the basin is sufficiently thin 
.and uniform ; if ao, the slip of paper is geu- 
t^ pulled and the dish extracted, After 
a few hours' drying, the paper detaches 
iteelf from the little clay dish, which is 
then heated to redness in a platinum 
crucible. These basins should not exceed 
one thirty-seooud of an inch in thick- 
ness, and the proper consistence of the 
day ia soon ascertained: if the edges of 
two of these little vessels be ground with 
■ file, one may serve as a cover to the 
other. 

The steel mortar, 7ig. 29, is an apparatus 
of great use to the blowpipe and mineral 
analyst. It consists of three separate parts: 
the lower portion is a shallow dish of steel 
into which a massive hollow heoilspherical 

PAST I. 
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cyMnAeVf sJso of steel, is accurately fitted bj grinding; the 
tipper portion is a solid cylinder of the same metal, which 
exactly fills up the hollow cylinder. When a mineral has to 
he crushed, it is introduced into the bed of the mortar, the 
solid cylinder is then replaced and struck forcibly seyeral times 
with a mallet, by which it is reduced to a coarse powder, and 
may afterwards be brought to an impalpable state by grinding 
in the agate mortar. 

BVAPORATIOir. 

23. Evaporation is an operation to which the chemist is con* 
stantly resorting; he has recourse to it for concentrating 
liquids preyious to the application of certain tests ; for separa* 
ting volatile fluids from fixed substances ; for inducing crystal- 
lization ; or for obtaining in a solid form substances held in 
solution by water or other liquids. When the object is to 
retain the fluid evaporated, as well as the residue, the pro- 
cess is called distillation. The ordinary operation of evapora- 
tion is conducted in basins of earthenware, silver, or platinum: 
watch-glasses also occasionally form very useful vessels. The 
earthenware basins should be as thin as is consistent with 
strength, and should resist the action of acids and alkalies in 
solution ; the silver and platinum vessels should be provided 
with a projecting slip of metal to serve as a handle, whereby 
they may be held by a pair of pincers. In ordinary cases, the 
object sought by evaporation is attained by exposing the fluid 
to heat ; sometimes, however, it is effected by leaving it for a 
certain time in contact with the atmosphere at common tem- 

Jeratures, or in confined air kept dry by hygroscopic substances, 
n qtiantitative experiments the evaporating substance should 
never be allowed to enter ipto actual ebullition, as a loss would 
almost unavoidably be sustained by bubbling. It is frequently 
advisable, therefore, to apply heat through the medium of the 
water bath, which may be a copper basin about six inches in 
diameter and three inches deep, provided with a series of rings 
of different diameters to suit dishes of different sizes. Whfle 
a liquid is evaporating, it is requisite carefully to protect it 
from dirt and dust : this is best done in the manner recom- 
mended by Fresenius, viz. by providing two small, thin, wooden 
hoops, one of which must be made to fit loosely in the other ; 
a sheet of blotting-paper is spread over the smaller, and the 
larger pushed over it : an excellent cover is thus formed, which. 
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vMle it effectually guards the liquid, doPB not come into con- 
tact with it, and does not in the least impede or retard the 
proceSB of evaporation. Sometimes it is necessary to eyap orate 
fluids from solid subatances contained in crucibles; in such 
cases the crucible sliould be supported in an inclined position, 
and the heat applied a little above the level of the liquid : an 
equal distribution of heat ia thereby secured, and the loss of a 
portion of the sediment by spirting avoided. The same 
method may be adopted in the evaporation of solutions of those 
Baits which have a tendency to effloresce and creep up the sides 
, of the evaporating vessel : in the latter case the object may be 
also attained by slightly greasing the upper part of the sides 

f the dish. Very frequently to the course of an analysis 
l&rge quantities of filtrates have to be evaporated down to 
^perfect dryness : in such cases the fluids are first concentrated 
by evaporation over the naked fire, and afterwards transferred 
into smaller vessels, to be finished in the water or sand bath. 
The process of transferring liquid from one basin to another, so 

8 to avoid the smallest loss, requires care and a steady hand ; the 
edge of the large dish should be slightly smeared with tallow, 
and the liquid poured down an inclined rod, as recommended 
Above when treating of filtration. The evaporation of a mineral 
'Water from which carbonic acid or other gases are espelled by 
;lieat, should always be commenced in a flask loosely covered 
with a piece of bibulous paper. 

A.B the evaporation of a fluid in which a considerable sedi- 
.nent is formed draws to a conclusion, the thick mixture re- 
quires to be treated with great care ; for, the circulation of the 
Seat being now interrupted, the temperature frequently in- 
creases at the bottom of the vessel until above the boiling-point 
I of the solution, and then the sudden evolution of small quan- 
titiea of steam occasions a projection of portions of the sub- 
ce from the basin. Sometimes, indeed, when the solid 
Ixeaidue dries hard, it forms a cake on the surface, underneath 
vhich steam accumulates, and suddenly explodes with a force 
.iiot merely sufficient to disperse the contents of the vessel, but 
uvea to break it in pieces. In these cases, the substance should 
tie continually stirred with a glass rod, by which the loss by 
spirting is prevented. 

niSTHXATIOS. 

24. This operotion is performed when it is desired to coJlect 
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the eraporating subBtrance, It must obviouBly, therefore, be 
conducted in an apparatus in which the vapour as it riaee may 
be refrigerated, and again reduced to a liquid or solid state, 
and collected in a separate vesBel. "When the elastic fluid or 
vapour asBumeB on cooling the solid state, the process is called 
enblimation. 

The vessel In which almost every laboratory distillation is 
effected is the glass retort ; those made of hard green glass are 
tbe most servicenhle, as they withstand the action of caustic 
alkalies; it is diiiicult, however, to get them stoppered. Ee- 
torta made of hard Gterman glass are now much used in this 
country ; their high price, though lately much reduced, is the 
only objection to be raised against them. 




Fig. 30, 
The general process of distillation is represented in Fig. 80. 
The bend of the retort is protected from the cooling influence 
of the air hy a thick paper or cardboard cone, with a broad 
notch to admit the neck ; this interferes with a ready change of 
air at the top of the retort, and saves much heat which would 
otherwisQ escape at that part, from the condensation of the 
vapour within. The end of the neck of the retort is connected 
with a long tube, either by means of a cork or occasionally by 
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cement, or loosely, the junction being made tight by atripa of 
moistened btadder or elieet caoutchouc, and the end of this 
tnbe enters the mouth of the vesBel into which the distilled 
nroducts are to he received. The receiver is plunged into a 
DBsin of cold water in which lumps of ice are floating. In 
order to liquefy the vapour rising from the retort as soon as 
possible, several folda of bibulous paper are wrapped round 
'the neck, juat below the bend ; and lower down, juat above the 
point where the neck enters the adapter, a ring of tow is tied, 
the ends of which are cauaed to hang down four or five inches. 
Cold water is supplied to this paper from a large funnel con- 
taining a filter placed immediately above it m such a position 
that the drops of water shall fall on and spread over the paper, 
■which will soon become saturated, and the water will run down 
to the tow, from which it will descend and be i aught in a 
Teasel placed beneath, and, provided it does not flow in too 
rapid a stream, none will enter the flask 

In the distillation of many liquids, particularly such as con- 
tain alcohol, the vapour is frequently evolved with such difficulty 
as not only to endanger the sudden expulsion of part of the 
Bubstance, but the safety even of the whole apparatus. A 
tranquil and regular evolution of vapour may always be ob- 
tained by introducing into the retort certain angular solids on 
which the liquid exerts no chemical action, as fragments of 
glass, or, still better, slips of platinum foil; but care must be 
taken not to introduce these promoters of evaporation while 
the fluid is hot, or the burst of vapour might probably be so 
instantaneous as to do more harm tlian the previous irregular 
boiling. The same precaution is applicable to the introduction 
of Bobda, of whatever nature, into liquids while boiling or near 
thnr boiling-points. Sulphuric acid, which is the most difflcult 
and dangerous of all substances to distil, may be drawn over 
quietly and regularly by previously dropping into the retort a 
iew pieces of platinum foil or wire. 

Various other contrivances have been resorted to for the 

Jnrpoae of condensing the vapour in the process of distillation, 
a the common still, this is well known to be accomplished by 
c&naing the vapours to pass through a long spiral tube, called a 
worm, fixed in o tub, and surrounded by cold water. In caaea 
where the products are not easily condensed, Liebig'g oon- 
ienger is a very useful and convenient arrangement, and is 
applicable in all cases where an open apparatus is admissible. 
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The condenser is a hollow metal cylinder, through the centre 
of which a glass tube passes, being iiied water-tight by means 
of perforated eorks coTered with cement. This tube is con- 
nected either by a cork or by tubing with the beak of a retort; 
a constant stream of water is caused to flow from the reservoir 
placed above, down the funnel, thus entering the cylinder at its 
lower part. The water, warmed by the condenBation of the 




Fig. 31. ^ 

vapour, flows out through the vertical tube nndemeath the 
upper part of the cylinder: the whole apparatus is thus kept 
constantly cool, and the distillation proceeds in a uniform and 
steady manner. The operation is represented in Fig. 31. 

It is sometimes required to conduct the gaseous products of 
distillation into vessels containing water or other liquids, as in 
the preparation of hydrochloric and sulpburous acids, solution 
of ammonia, etc. ; for such occasions the apparatus of Liebig 
would obviously be unfitted, and the arrangement representen 
in ^ig. 32 is best adapted to the purpose, It coasists of a 




Beries'of vesaels placed aide by side, and connected by tubes ii 
eucb a manner that the tube originating in oneTesael descend 
nearly to the bottom of the vessel following it, A simple in- 
Bpection of the figure will show the direction in which the 
current is Bupposed to be passing. After baying acted on the 
water or solution in the first bottle, it passes through the bent 
tube into the second, and thence into the third. The junctions 
I «f the tubes with the bottles are made in various ways : Bome- 
I times they pass through corka as in the figure, at other times 




[ they are made tight by glazier's putty, or linseed paste, or 
I plaster of Paris. To prevent Btiffness and rigidity, the tubes 
' leading from bottle to bottle may be made of separate pieces 
united together tight by tubes or collars of caoutchouc. This 
arrangement has received the name of ' Woulfe's apparatus,' but 
it was first devised by Glauber, The upright tubes in the 
centre of each bottle are safety tubes, aad are intended to 
admit air, when from any cause the pressure within is so far 
t dimiaisbed as to be considerably leas than that of the atmo- 
[ sphere. 

f It ifl sometiroea required to collect for examination the iin- 
1- condensable elastic fluids evolved during distillation, besides 
r the liquid results ; the object in such caaes is readily attained 
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by bending the delivering-tube of the third bottle into a*cunre, 
and bringing it under the shelf of the hydro-pneumatic or the 
mercurio-pneumatic trough ; when the operation is conducted 
on a small scale, the receiver may be made out of a piece of 
tube, bent in the manner represented in Pig. 33 ; the distillation 
is conducted precisely in the same manner as with an ordinary 
retort and receiver. 

The apparatus required for sublimation may be tubes, flasks, 

retorts, capsules, or cru- 
cibles. When no great 
heat is required, as with 
camphoTy naphthaline, io» 
dine, etc., the alembic may 
be used with advantage. 
For substances requirinff 
a higher tempe»tar^ 
^- ^^' such as calomel, cinnabar^ 

etc., Florence flasks, bedded and heated in sand and provided 
with bent tubes, tightly luted, for conveying the volatile pro- 
ducts into other flasks for condensation, are exceedingly usefuL 
Many substances may be conveniently and simply purified by 
placing them in a dish or pan, the mouth of wnich is covered 
with coarse flltering-paper perforated with holes, and over the 
whole a cap or cone of stiff paper, secured round the rim of 
the pan by twine or paste ; heat is then applied to the dish, the 
volatile substance rises and condenses upon the inner surface 
of the cap, its mechanical impurities being retained by the 
filtering-paper. 
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ON REAGENTS. 



25. Those aubstanceB which are employed hy the chemist to 
give him informatioQ as to the nature of the suhject of his 
exainioationB, have receiTod the general name of ReagenU ; 
thongh the manner in which they act, and the phenomena to 
which they give rise, are esceediogly varied. These bodies are 
of the highest importance to the analyst ; indeed the judicious 
■Hfle of them, and the correct interpretation of the appearances 
presented by their action, constitute the skUl of the analytical 
ishemist. We shall here describe the preparation and uses of 
the most important of these substancea, without, however, 
inaking any attempt to classify them. 

The reagents to which we shall direct attention are the fol- 
lowing : — 



1. Blue litmus-paper. 

2. Eed litmus-paper. 
, S. Turmeric paper. 

,4. Qeorgina paper, 

6. Solution of indigo. 

' 6. Starch paste. 

, 7. Lead paper. 

8. Sulphuric acid. 

„ 9. Nitric acid. 

10. Hydrochloric acid. 

11. Nitro-muriatic acid (aqua 

regia). 

22. Acetic aoid. 

J8. Oxalic acid. 

14. Tartaric acid. 

15. Hydrate of f otassa. 



16. Carbonate of potassa. 

17. Carbonate of soda. 

18. Ammonia. 

19. Sesquicarbonate of am- 

20. Chloride of ammonium. 

21. Sulphide of ammonium 

(h^drosulpharet of am- 
monia) . 

22. Sulphide of potassium. 

23. Oxakte of ammonia. 

24i. Hydrosulphuric acid (auU 
phuretled hydrogen) . 

25. Ferrocyanide of potaa- 

26. Ferridcyanide of potassium 
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27. Chromate of potassa. 

28. Sulphate of potassa. 

29. Bisulphate of potassa. 
80. Cream of tartar. 

31. Cyanide of potassium. 

32. Antimoniate of potassa. 
83. Caustic baryta (solution). 
34i. Chloride of barium. 

85. Nitrate of baryta. 

36. Phosphate of soda. 

87. Phosphate of soda and 

ammonia (microcosmic 

salt). 
38. Nitrate of potassa. 
89. Biborate of soda (borax). 

40. Nitrate of silver. 

4 1 . Ammonio-nitrate of sUyer. 

42. Sulphate of copper. 
48. Iodide of potassium. 



44. Acetate of lead. 

45. Basic acetate of lead. 

46. Protosulphate of iron. 

47. Lime water. 

48. Sulphate of lime. 

49. Chloride of calcium. 

50. Protochloride of tin. 

51. Bichloride of platinum. 

52. Sesquichloride of iron. 

53. Sulphurous acid. 

54. Hyorofluosilicic acid. 

55. Chlorine water. 

56. Chloride of mercury. 

57. Subnitrate of mercury. 

58. Molybdate of ammonia. 

59. Protonitrate of cobalt. 

60. Distilled water. 

61. Alcohol. 

62. Ether. 



(1.) Litmus Paper, — ^This is an exceedingly delicate test of 
the presence of an acid ; it is most conyeniently prepared by 
dipping thin unsized paper into an infusion oi the colouring 
principle in hot water until it acquires a full blue colour. Hhe 
paper is dried by exposure to the air, and kept carefully pro- 
tected from the light, which injures and finally destroys the 
colour. The blue colour of this paper is instantly changed red 
by contact with a fluid haying an acid reaction. 

(2.) Bed Litmus Ttxper, — This is a yaluable test of the pre> 
sence of an alkali. To prepare it, a few drops of hydrochloric 
add are mixed with a larffe quantity of water, and the blue 
paper immersed in it until it becomes slightly reddened : it is 
then remoyed and dried for use. The blue colour is restored 
by contact with an alkalL 

(3.) Turmeric Paper. — This is prepared in the same man- 
ner as litmus paper ; it should haye a fine yellow colour ; it in- 
dicates the presence of an alkali by changing to a red brown. 

(4.) Oeorffina Paper, — This, when properly prepared, is an 
excellent test of both acids and alkalies ; by the former it is 
coloured red, and by the latter green. It is prepared by dipping 
paper into the coloured infusion of the petals of the Oewrgina 
pwrpwrea, and should haye a fine yiolet colour. 

(5.) SohUion of Indigo, — Commerciid indigo is digested in 
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concentrated Bulphuric acid, and the solution diluted with water 
till it IB just distinctly blue. It is an excellent teat for nitric 
acid, which, aided by heat, discharges the colour. 

(6,) Slarch Pa»te. — Common arrowroot starch is rubbed 
with cold water, and boiling water then added until a thin 

Jaste is formed, It is an inTaluable test for free iodine ; when 
pought into contact with which, an intense blue compound is 
formed. 

(7.) Lead Paper. — Paper is saturated with a strong solu- 
tion of basic acetate of load, cut into strips and dried. It 
forme an estremely delicate test of the presence of sulphuretted 
hydrogen, which instantly communicates to it a deep brown- 
black colour, 

(8.) Sulphuric Acid, HO,SDg.— The commercial oil of ritriol 
always contains sulphate of lead, sometimes also nitric acid, 
arsenic, and tin. The first of these impurities is removed by 
diluting the acid with water ; a turbidity indicates sulphate of 
lead, which is insoluble in the diluted acid. Ifitric acid is in- . 
dicated by the blue colour of solution of indigo being dis- 
(hen boiled with the acid. Arsenic is indicated by 
paising a stream of sulphuretted hydrogen through the clear 
diluteaacid; a yellow precipitate is formed ; if the precipitate 
be brown, it indicates tin. From qU these impurities it may 
'1)e freed by distillation ; the first portions being rejected, and 
not more than three-fourths of the acid in the retort drawn 
over ; for almost every qualitative operation the commercial 
acid may he employed. Sulphuric acid is of the most eiten- 
sive use to the chemist, from its strong affinity for bases. It 
liberates most other acids from their comhinfttiona ; and, from 
its powerful affinity for water, it effects remarkable changes in 
many substances in which the elements of that fluid exist. It 

a powerful oxidizing agent, and in n diluted state it serves 

a test for barium, strontium, and lead. 

(9,) Sitric Acid, HO.NOj,— This acid, the aqua-fortis of 
mmerce, is prepared by distilling equal weights of oil of 
vitriol and nitre. It frequently contains sulphuric and hydro- 
chloric acids, from which it may be freed, by adding nitrate of 
silver as long as a precipitation takes place, and then redistil- 
ling. This operation may, however, be avoided, if in the ori- 
ginal preparation of the acid the first portions, about one- 
;tonth or one-eighth of the whole, be collected in a separate 
" iceivei ; these portions will contain all the impurities, and 
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the remainder will be quite pure. Nitric acid is used as a 
Bolvent ior metals, sulphides, etc., and as a powerful oxidizing 
agent. 

(10.) HydrocMorio Acid, HCl. — The muriatic acid of com- 
merce is not sufficiently pure for analytical purposes. It con- 
tains sulphuric acid and iron, sometimes also sulphurous acid, 
chlorine, and arBenic. It is best prepared bj the following pro- 
cess of Gregory -. — Six parts by weight of pure eommou salt are 
introduced into a fla^k, and gently heated with a cool mixture 
of ten parts by weight of oil of vitriol and four parts of water. 
The gas is conducted into a flask containing a quantity of dis- 
tilled water, equal in weight to the salt, and surrounded with 
water in which lumps of ice are floating. The tube delivering 
the gaa must dip about one-eighth of an inch into the water in 
the bottle ; the process takes about two hours, and the acid ob- 
tained is quite pure and colourless. 

Hydrochloric acid ia very estenaively used as a solvent, and 
for the detection of silver, mercury, and lead. 

(II.) Nitro-mariaiie Acid, or Aqua, Regia. — This acid is pre- 
pared by adding nitric acid to twice or thrice its volume of 
strong hydrochloric acid; both acids undergo decomposition, 
hyponitric aeid, chlorine, and water being formed. "When the 
liquid is saturated with chlorine, this mutual decompositioa 
ceases ; but it recommeuces on the removal of the chlorine 
either by heat or by its combination with some other substance. 
Aqua regia is conBequently the most powerfid of solvents : ita 
prmcipal use in anaJytical chemistry is for dissolving gold and 
platinum, and for decomposing certain metallic sulphides. 

(12.) Acetic Acid, HO,C^Ha03.— The acetic acid of com- 
merce frequently contains traces of sulphuric acid, but it may 
be obtained sufficiently pure for most analytical operations. 
If required quite free from all impurities, it is most conveni- 
ently prepared by distilling a mixture of ten parts of neutral 
acetate of lead with three of sulphate of soda, in a retort, with 
a cooled mixture of two and a half parts of sulphuric acid, and 
an equal weight of water : the distillation ia continued to dry- 
ness. The acid thus obtained leaves no residue on evaporation, 
Acetic acid is employed as a solvent, and for acidifying li- 
quids in the place of the mineral acids. 

(13.) Oxalic Aeid, HOjCjOg. — Tlie commeroiai acid is pu- 
rified by two or three re crystallization a. It should leave no re- 
sidua on ignition. It is employed as a precipitant of certain 



■ubstancea, particukrly calcium, for the detection of which it 
n a very valuable reagent. All the oxalatea are soluble in the 
■tronger acida. 

(14.) Tartaric -iciJ, 2HO,C,HgOm.— The commercial acid 
ia Bufficieutlj pure : well-definecl crystals shuuld be selected. 
It should be kept in powder, aa ita solution decompoaea by 
keeping. It ia employed to prevent the precipitation of cer- 
tain metallic oxides hy alkalies, and aa a test for potassium. 

(14.) Sydrate of Potassa, KO.HO.— The beat metliod of 
preparing thia valuable reagent ia to diaaolve two parts of pure 
carbonate of potassa in twenty parts of boiling water in an 
iron pot, and to add in small portions at a time, to the boiling 
liquid, cream of lime (made by slaking one part of quicklime 
with boiling water ); after boiling a few minutes, the vessel is 
covered and allowed to atand for twenty-four hours ; the clear 
liquid ia then decanted. To obtain the pataasa in the solid 
abite, the liquid ia evaporated to an oHy consistence in a silver 
baain, poured out on a silver dish, and allowed to cool ; it ia 
then broken into fragments and preserved in well- atop pered 
bottles. Schubert recommends the following aimple method of 

Paring a solution of pure potash : — Add a hot solution of 
ate of baryta to a solution of sulphate of potassa until the 
liquid gives no further precipitate either with baryta or with 
sulphate of potaaso. 
The uBBs of potassa in analytical ehemiatry are very numer- 
la } — aa a precipitant ; aa a solvent ; as a m cans of separating 
irtain oaides from others; and as a teat for ammonia, which, 
l^ded by beat, it expels from all its salts. 

(16.) Oarhomte of Polasm, KO.COj.— Thia salt ia beat 
prepared by calcining pure cream of tartar : the incinerated 
mass is boiled in distilled water, filtered, and the clear liquid 
evaporated to dryness in a clean iron vessel, with constant 
stirring towards the end of the procesa ; tbe dried mass must 
be kept in a well -atop pered bottle, and one part dissolved in 
five or six of distilled water for use. The carbonate of potaasa 
of commerce usually contains alkaline sulphates and chlorides, 
Blumina and ailica. Carbonate of potassa ia extensively em- 
ployed as a precipitant, and for the decomposition of many in- 
soluble salts, particularly organic, with metallic bases. 

(17.) Carbonate of Soda, NaO, C Og.— Thia salt is obtained 
pure by heating the best bicarbonate of soda of commerce for 
•ome time to low redness : its uses are the aame aa those of 
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carbonate of potassa. It is an indispensable reagent in blow- 
pipe operations ; — as a flux ; as a solvent ; and as a decompoa^ 
ing agent. Its solution should not be discoloured by sulpnide 
of ammonium, when neutralized with hydrochloric acid it snould 
give no turbidity with chloride of barium, and when evaporated 
to dryness with hydrochloric acid the residue shoidd dissolve 
completely in water. 

(18.) Ammonia, NHg. — Sal-ammoniac is mixed with an equal 
weight of slaked lime, a little water added, and the mixture 
heated in a stoppered retort. The disengaged gas is first al- 
lowed to pass through a small quantity of water in a wash-bot* 
tie, and from thence into another bottle nearly filled with dia- 
tnied water immersed in a vessel containing ice-cold water; 
this bottle, for better security against sudden absorption, may 
be furnished with a safety tube. The water will absorb 670 
times its bulk of the gas, and become possessed of all its che- 
mical properties in a very high degree. It should be kept in 
small well-stoppered bottles, and not in one large one, as every 
time it is exposed to the air it absorbs a certain quantity of 
carbonic acid, its freedom from which is proved by its not 
rendering lime-water turbid. Ammonia is in constant use for 
neutralizing acids, its peculiar fitness for which consists in 
its not introducing any fixed matter ; for precipitatinginsolu- 
ble bases ; and for separating them from each other. The am- 
monia of commerce is generally pure. It should give no tur- 
bidity with chloride of calcium, or with oxalate of ammonia^ 
nor with nitrate of silver, when neutralized with nitric acid, 
and when evaporated should leave no residue. 

(19.) Sesquicarhonate of Ammonia, 2 NH^ 0,3002- — The 
sesquicarbonate of ammonia of commerce is dissolved in four 
parts of distilled water, and one of liquor of ammonia added. 
The solution when evaporated should leave no residue. This 
reagent is employed as a precipitant, and is very useful as a 
substitute for carbonate of potass, in cases where the intro* 
duction of a fixed base would be inconvenient. It is of 
special use in the separation of calciv/m, barium, and strontium 
from magnesium, the latter not being precipitated in the pre- 
sence of ammoniacal salts. 

(20.) Chloride of Ammonium, NH^Cl. — Sal-ammoniac of 
commerce is purified by two or three recrystallizations. Its 
solution in water should be neutral, and hydrosulphuret of 
ammonia shoidd not discolour it : it should volatilize entirely 




Trhen heated on platinum foil. The salt should be dissolved 
'n eight parts of distiUed water. It is of great 
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(21.) Sulphide of Aniviomam,'N'K^ii (Hydrogulphuret of Am- 
monia). — TWh reagent is prepared by trausmitting sulphuretted 
^jdrogen gas through solution of ammonia, till the liquid gives 
no precipitate with sulphate of magnesia. It must be kept in 
weli-Btoppered bottles free from lead, T^en first prepared, it 
Qontains excess of sulphuretted hydrogen, is nearly colourless, 
>aiid does not give a precipitate of sulphur when mixed with an 
i-floid ; but by exposure to the air it gradually absorbs oxygen, 
>4Bd assumes a yellow tint from the presence of excess of sulphur, 
'of which element it now yields a precipitate on the addition of 
I an acid. It is necessary to bear in mind these facts. Sulphide 
of anAnonium ia of great use for subdividing into two groups 
those metals which are precipitated us sulphides by snip hu- 
'Xetted hydrogen, from their acid solutions; some of these 
■■_»ulphides being soluble, others insoluble in sulphide of ammo- 
'nium. It also subdivides into groups those metals that are 
not precipitated by sulphuretted hydrogen from their acid 
■olutions; some of these metala being precipitated by sulphide 
^ammonium, while others remain in solution: it lLke\i-ise 
precipitates certain oxides as hydrates by the action of its am- 
tnouia alone, and certain salts that are dissolved only in free 
I acids. 

*(22.) Sulphide of fotaaium, KS^. — This reagent is easily 
[:^«pared by transmitting a stream of sulphuretted hydrogen 
lllfarough a BohitioD of caustic potassa as long as the gas is 
absorbed, and then mixing the saturated solution with an equal 
^Tolume of the same caustic potassa. 

(23.) Oxalate of Ammonia, NH^O,C2 03.— This reagent is 
'prepared by slightly supersaturating a solution of pure oxalic 
'Acid with carbonate of ammonia, and crystallizing : one part of 
the salt ia dissolved in twenty or twenty-four parts of water 
for use ; it is employed for the detection and precipitation of 
lime, and is more convenient than oxalic acid, as its solution 
does not decompose by keeping. 

(24.) Hyd/roiulph-urie Acid, HS (Sulphuretted Hydrogen) .— 
Fragments oi protoaulphide of iron are covered with water iu a 
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gas evolution apparatus connected with a wash-bottle : sulphuric 
acid ie poured into the apparatus through a tube tunnel, and 
the evolved gos ia received into a bottle containing air-free dis- 
tilled water. The gas should not be allowed to pa^s too rapidly, 
as in thnt case much escapes absorption aud passes into the at- 
mosphere, diffusing a moi«t mipleasant odour, to guard against 
which the operations should be performed in a, place that is pro- 
perly ventilated. The solution should be kept in well-stopped 
bottles. HydroBulphuric acid is a reliable reagent for separating 
metais into groups, and also hb a means of reduction. 

Fig. 34 representB the arrangemeut generally employed for 
paasing a current of hydroaulphuric acid gaa through a solution, 
a is a wide-mouthed bottle, 
containing water and small 
lumps of protosulphide of 
iron. It is closed with H 
good sound cork or tight-fit- 
ting caoutchouc cap, thh)ugh 
which are inserted, perfecfly 
air-tight, two tubes, one aur- 
mounted by a funnel, the 
other bent at right angles 
and joined by a connector 
of caoutchouc with a. third 
tube abo bent at right an- 
gles, and which passes to the 
bottom of the bottle, S, con- 
taining water. Through the 
cork with which this second 
bottle is closed, or through 
one of the aperturep in its 
caoutchouc cap, a stout tabe, 
c, paesea, this tube is bent 
^_ ^ twice at right angles ; the 

delivering-tiibe, d, slightly 
curved at one end, is connected with the tube c by meana <rf 
a good sound cork. AV^hen thia apparatus is about to be used for 
transmitting a stream of sulphuretted hydrogen gaa through a 
liquid, the solution to be operated upon is placed in a tall jar, and 
the tube d being immersed in it, it is united by its cork with 
the tube e; sulphuric acid is now poured into d through the 
funnel, the gaa is immediately evolved, and in passing through 
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the water in h, which should be quite cold, it heoomea waahed, 
and thus pa^aea iu a state of purity into the solution. Some- 
times, when the evolution of gaa is too rapid, portions of buI- 

Ebide of iron and of sulphuric acid are carried forward with it ; 
oth are however retained in the wasb-bottle h. "Whei 
tiun baa become thorouglily saturated with the gaa, the deliver- 
ing-tube d is removed, and, 
after being rinsed out, or, if 
necesaarj.deaned with a small 
feather, it is fit for another 



important reagent ia the la- 
boratory renders it very de- 
Birable to have a supply of 
it always at command. Many 
fonuH of apparatus have been 
devised for this purpose, but 
that by Eipp, represented in 
Fig. 35, seems on the whole 
the best. It is thus described 
by Mr. Griffin, (' Chemical 
EecreatioDB,' p. 017) :— It ia 
formed of glass, about ali 
timex the size of the figure ; 
that is to say, the largest gl obe 
is about aix inches in diame- 
ter, tttxA the whole apparatus 
is about eighteen inches higli. 
Tfae funnel-shaped neck of the 
uppermost globe ia ground to 
fit the neck c air-tight, but' ^^ 
it passes looaely through the 
neck a, where a loose collar of 
caoutchouc is put about it to 
prevent the falling of small lumps of sulphide of iron from the 
middle globe down to the lowermost globe. The middle globe is 
about half filled with lumps of sulphide of iron, in the largest 
pieces that will paas through the neckrf, which ia then to be closed 
^, irith a sound cork carrying a glass stopcock, and that carrying a 
loutchouc tube terminating with a glass gas- delivering tube, 
e charge of sulphide of iron being put ii ■ ' 
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acid, conaistiug of one part of oil of vitriol mixedwitb six or eight 
parta of water, is to be poured into the uppermost globe, from 
which it pflaBCH down into the lowermost globe, and thence up 
into the middle globe, the stopcock being opened to let out the 
atmospheric air. Hvdrosutphuric acid gas is immediately gene- 
rated, and aa much of it is allowed to escape as serves to sweep 
the atmospheric air completely out of the apparatuB. The stop- 
cock is then closed, and the apparatus ia ready for use. The 
quanliti/ of gas delivered depends npon the arrangement of the 
stopcock. It can be delivered in single bubbles slowly, or in a 
rapid current. The delivery pipe is made abort or long, accord- 
ing to the depth of liquor into which it is to pass. It must of 



^^^^^ course be changed for every eiperiment. The siphon at the 
^r top of the apparatus must contain so much water as to allow 

H atmoapheric air to pass either way into or out of the apparatus, 

I according as the stopcock is open or closed. If any sulphide 

B of iron falls into the globe b, it makes a constant diaeDgagement 

H of gas, which, if not observed, may drive so much acid up into 

H the uppermost globe as to cause an overflow to take place. It 

B is proper, therefore, that this apparatus should always stand in 

a stoneware pan, to catch any acid that may overflow. "When 
the apparatus requires cleaning or the sulphide of iron needs 
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ihing, the acid can be poured off through the stoppered neck 

the lowest globe. 

In Fig. 36 in represented Mohr'a apparatus for a constant 
supply of a saturated solution of sulpburetted hydrogen.* It 
not only serves to prepare a solution of tlie gas without con- 
Jwct with atmospheric air, but to preserve it in that condition, 

' yet to afford a supply of the solution either in drops or 

^oantit^, readily and conveniently. The Woulff's bottle, a, 
with air-free distilled water ; i c is an apparatus for 
'^treparing hydroBulpliuric acid gas ; the jar h contains dilute 
eulphuric acid ; the flask c contains lumps of sulphide of iron. 
The bottom of the flask is cut out, and replaced by a perforated 
plat« of lead, upon which the sulphide of iron rests at about 
three-quarters of an inch from the cut bottom-edge of the 
fiask. To set this apparatus in action, the vessels a, b, and c, 
having received their respective charges, the cork which fixes 
the siplion <i in the bottle a is loosened, and the apparatus 
being then placed together, the gas is produced, and gradually 
drives out the atmospheric air from the vessels c and a. The 
siphon cork is then fixed, and sulphuretted hydrogen gas is 
produced in c and absorbed by the wat*r in a, until the latter 
u saturated. The acid then descends from, the flask c into the 
jar b, and the operation stops. The siphon d is terminated 
outside by a glass delivery-tube attached by a caoutchouc con- 
aector and a pinchcock. Whenever the sulphuretted hydrogen 
'ater is ret^uired, the pinchcock is opened, a little liquor run 
to waste to clean the end of the delivery tube, and then as 
,uch liquor is run out as the experiment requires. To supply 
le vacuum thus produced in the bottle a, the atmospheric air 
pi«aaing upon the liquor in the jar b, drives it up into the 
iuak c, and causes the production of as much hydrosulphuric 
acid gas as is required to make up the quantity r ~ 
nphoD d. "When the liquor of the bottle d ie 
freeh supply of cold air-free distilled water is put into the 
bottle bv the siphon neck, and the process of saturation goes 
on afresh. The corks of this apparatus should be coated with 
|| mixture of fat and wax, to make them air-tight. 

(26.) Ferroeyanide of Folassium, E^FeCyj; or KjCfy.— The 
commercial yellow prusaiate of notassa is sufficiently pure for 
lealytical purposes ; one part is dissolved for use in ten or 

■ommentBr iur Preuesiflchen Phartnacopceia,' end GriBiii's 
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twelve parts of water. It is of especial use for the detection of 
sesquioxide of iron and oxide of copper, 

(26.) Ferridcyanide of Potassium, KjlPegCyg; or KgCfdy. — 
This reagent is prepared by transmitting a stream of chlorine 
gas through a solution of the above salt until it ceases to pro- 
duce a blue precipitate, with a solution of sesquichloride of 
iron. Its crystals have a magnificent red colour ; to procure 
them, the solution is concentrated by evaporation, and rendered 
feebly alkaline by carbonate of potassa. This reagent serves 
to detect protoxide of iron by the formation of a characteristic 
blue precipitate. 

(27.) Chromate of Potassa, KOjCrOg. — Bichromate of potash 
of commerce is dissolved in water, and carbonate of potash 
added till the solution reacts slightly alkaline ; from the con- 
centrated liquid yellow crystals may be obtained. It is em- 
ployed principally as a test for lead, with which it forms a pig- 
ment known as chrome yellow. 

(28.) Sulphate of Potassa, KO, SOg. — The salt of commerce 
is purified by two or three crystallizations, and dissolved for 
use in ten or twelve parts of water ; it is used for the detection 
and separation of strontium and barium. 

(29.) Bisulphate of Potassa, K O, S Og ; H O, S O3.— This is the 
fusible salt remaining when nitrate of potash is decomposed by 
two equivalents of oil of vitriol in the process for making nitric 
acid; it is extensively employed in blowpipe operations; in 
solution it indicates lithium, boracic acid, nitric acid, hydro* 
fluoric acid, bromine, and iodine, and separates oxides of ba^ 
rium and strontium from other earths and metallic oxides. 

(300 Bitartrate of Potassa, K:0,HO,C8H40io; or KO, 

HO,T. — The cream of tartar of commerce is sufficiently 
pure ; it is useful in certain cases for separating metals firom 
each other. 

(31.) Cyanide of Potassium, KCy. — Eight parts of roasted 
ferrocyanide of potassium are fused at a bright red-heat in a 
covered crucible with three parts of dry carbonate of potassa j 
the fused mass is poured carefully into a warm dish, and when 
cold, broken into fragments, and kept in a well-closed bottle 1 
it must not be kept in solution, but dissolved as required in 
four or five parts of water. In analysis, its most important 
application is as a means of separating cobalt from nickel. As 
a blowpipe reagent mixed with an equal weight of carbonate of 
soda, it is exceedingly valuable from its powerful reducing 
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action; and from its easy fusibility it is of special applicntion 
in the reduction of arsenic. 

(32.) Bimetantimofiiate of Potassa, 2KO,Sb05. — A mixture 
of one part of crude antimony with four parta of powdered 
nitre ia thrown, a little at a time, into a crucible at a dull red- 
heat ; the maaa is kept in a pasty state, with occHsionnl stirring, 
ifor about half on hour, after which it is cooled, well washed, 
and heated to bright redness for half an hour, with two-thirda 
of ita neigfat of pure carbonate of potassa. The cooled mass 
is digested with about fifty parts of warm water, and filtered 
for use when cold. It should not contain excess of alkali, 
Ita use is as a test for soda, with which, provided no other 
base be present, it forms a very sparingly soluble crystalline 
_ precipitate. 

L - (33.) Cauttie £ari/ta, BaO, HO.— Sulphide of barium is 
^K^led with excess of oxide of copper or oxide of lead, and 
^■tffitered when the liquid gives a white precipitate, with acetate 
^■^ lead : it is then diluted with water, and preserved in well- 
^B dosed bottles. Its most important use is as a precipitant of 

f {34.) Chloride of Bariam, BaCl.— To prepare this useful 
agent, six parta of heavy spar (sulphate of baryta) 
to an intense red-heat, with a mixture of one part of powdered 
charcoal and one and a half of 3.uor spar ; the resulting 
sulphide of barium is boiled with slight excess of hydrochloric 
acid, filtered, and crystallized two or three times. The solution 
of these crystals must be neutral to test-papers, not affected 
by sulphuretted hydrogen or sulphide of ammonium : it must, 
Boreover, leave no reaidue when mixed with excess of aul- 

^L Dhuric acid, filtered and evaporated. Its most important use 

^K» as a means of detecting and estimating sulphuric acid. 

^F'From the property which baryta posaesses of forming soluble 
i&ltB with some acids, and insoluble salts with others, it is like- 
wise a valuable reagent for distinguishing one group of acids 
from another. 

(35.) Nitrate of Baryta, BaO.NOj.— Native carbonate of 
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baryta is digested with dilute nitric uci 
and crystallized two or three times. Its ui^ 
are the same as tlioae of chloride of bariun 
(36.) Pliotphate of Soda,'l^&0,'E.O,Y0^ 
I salt is crystallised and dissolved for 



d, the solution filtered 
and applications 
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especially for the detection and estimation of magnetioj which 
it precipitates with the addition of ammonia as the basic phos- 
phate of ammonia and magnesia. 

(37.) Phosphate of Soda and Ammonia, NaO.NH^O.POi.— 
This salt (microcosmic salt) is prepared by boiling one hnnaied 
parts of crystallized phosphate of soda with sixteen of sal- 
ammoniac. Chloride of sodium separates, and the liquid, ndien 
filtered and evaporated, yields the double salt in fine crystalB. 
When this salt is heated on charcoal or platinum wire, it loses 
water and ammonia, metaphosphate of soda being formed, which 
has the power of fusing a great number of chemical compounds. 
Hence its great use as a blowpipe reagent. 

(38.) Nitrate ofPotassa^ KOjNOg.— The nitre of commeiee 
is purified by repeated crystallizations ; its solution should 
give no precipitate with nitrate of silver, or chloride of bftrium : 
it is extensively employed as an oxidizing agent. 

(39.) Bihorate of Soda, NaO,2B03.--The borax of com- 
merce is purified by recrystallization. It should be exposed 
to a gentle heat in a platinum crucible till it no longer swells 
up; it is then powdered and kept for use. When heated 
on the ring of platinum wire, it should give a clear trans- 
parent glass. This glass possesses the property of disiolT- 
ing most metallic oxides, the smallest poitions of which com- 
municate to it a colour; hence its important use as a blow- 
pipe reagent. 

(40.) Nitrate of Silver, AgO,N05. — Standard silver is dis- 
solved in nitric acid, evaporated to dryness, and heated till all 
the copper present is converted into black oxide, which may be 
known by dissolving a portion of the fused salt in water and 
adding ammonia, which should not make the solution blue. The 
fused mass is dissolved in water, filtered and crystalliaed ; the 
crystals are dissolved for use in fifteen or twenty parts of dis- 
tilled water. It may be known to be pure by the filtrate firom 
the precipitate, which it forms with excess of hydrochloric add, 
leaving no residue when evaporated on a watch-glass. It is 
employed for arranging acids into groups, and is of spedal ap- 
plication in testing for, and estimating hydrochloric acid, 

(41.) Ammonio-Nitrate of Silver, — Ammonia is dropped into 
solution of nitrate of silver till the precipitate which first forms 
is nearly redissolved. It is employed for the detection of 
arsenic, 

(42.) Sulphate of Copper, CuO, SO^. — Blue Titriol is. purified 
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by tiro or three crystallizatiouB. A aolution of one part of this 
salt mixed with two and a quarter parta of protosulphate of 
iron, is employed for tlie precipitation of hi/drioJic acid, as pro- 
tiodide of copper. A mmonio- sulphate of copper, prepared in 
the same manner ilb the corresponding silver salt, is also em- 
ployed as a teat for arsenic . 

(43.) Iodide ofPotoMium, KI. — The commercial salt ie tested 
for carbonate of potusaa by treating it with hot alcohol, in which 
the latter salt Ib insoluble. It is a reagent for certain metals, 
particularly for lead and mercury, with which it forms charac- 
teristic precipitates. 

(41.) Neutral Acetate of Lead, PbO,C^H305.— The best 
sugar of lead of commerce is dissolved in tea or twelve parts 
of distilled water ; it is useful for arranging acids into groups, 
and for the special detection of chromic add. 

(45.) Basic Acetate of Lead, 3 PbO, C^ HjO,.— Seven parta of 
well-washed litliarge and six of the best neutral acetate of lead 
are gently heated and agitated with thirty parts of water till 
tbe sediment has become perfectly white ; the hquid is then de- 
onted and preserved for use in a well-closed bottle. It has the 
ame applications as the last- described salt, but its chief use is 
« a test for fulphuretied lydrogen. 

(46.) I'rotosulpkate of Iron, FeO.SOg.— Clean iron nails are 
digested with dilute sulphuric acid till hydrogen ceases to be 
erolved. The solution is filtered, and the crystals obtained 
washed with water slightly acidified with sulphuric acid and 
I dried. This salt is a powerful deoxidizing agent, and is of es- 
, pecial application as a test for nitric acid. It also precipitates 
. 0oU in the metallic state, and forms a blue compouod with 
Mrridcyanide of potassium. 

(47.) Lime Water, CaO,HO.— Fresh slaked lime is agitated 

with cold water, allowed to settle, and the clear fluid preserred 

in well-stopped bottles. It serves to detect carbonic add, and 

« a means of distinguishing certain organic acids. 

^(48.) Sulphate of Lime, CaO,S(>g, — The precipitate formed 

on adding caloride of calcium to dilute sulphuric acid is well 

. vaahed, digested, and agitated with water, and the fluid fil- 

, tered for use. It is employed to distinguish between caldutn, 

, ttroRtiuTn, and barium. 

I ■ (49.) Chloride of Oaldum, CaCl. — Pure carbonate of lime is 

, disaolred in dilute hydrochloric acid, the solution evaporated 

to perfect dryness, and tbe residue rediasolved in distilled 
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water. It must be perfectly neutral. It is of great use for the 
classification of organic acids. 

(50.) Frotochloride of Tin, SnCl. — Granulated tin is boiled 
with concentrated hydrochloric acid, the metal being in excess ; 
it is then dilated with four or five times its quantity of water, 
slightly acidulated with hydrochloric acid, and filtered. It must 
be kept in well-closed bottles containing fragments of metallic 
tin to prevent the protochloride from passing into the state of 
perchloride.\ It is a powerful reducing agent. It also serves 
to detect mercury, and, when mixed with nitric acid, it indi« 
cates the presence of gold, 

(61.) Bichloride of Platinum, Pt Clg. — The solution of the 
metal in aqua re&;ia is evaporated to dryness on the water-bath, 
and redissolved in eight or ten parts of water. It is of great 
use in analytical chemistry for the detection and estimation of 
potassium and amvmoniv/m, 

(52.) Sesquichloride of Iron, FegCls- — Clean iron nails are 
digested with diluted hydrochloric acid ; the decanted acid li- 
quid is then boiled with successive additions of nitric acid, in 
a capacious vessel, till all effervescence ceases, and till it no 
longer tinges solution of ferridcyanide of potassium blue ; it is 
then precipitated with excess of ammonia, and the well-washed 
hydrated peroxide of iron is heated with hydrochloric acid, care 
being taken that it is not all dissolved, it being necessary that 
the test should not contain excess of acid ; it is then filtered for 
use. It is employed as a means of classifying organic acids, and 
is also of great use in the analysis of the phosphates of the 
alkaline earths. 

(53.) Sulphurous Acid, SOg. — This is prepared by transmit^ 
ting the gases produced by the action of six parts of oil of 
vitriol on one part of charcoal (carbonic and sulphurous acid 
gases) through ice-cold water till no more is absorbed. It 
must be kept in well-closed bottles, and should always smell 
strongly of the acid. It is a powerful means of reduction ; it 
precipitates mercury firom its solution, converts chromic acid 
into oxide of chromium, arsenic acid into arsenious acid, etc. 

(54.) HydroJluosUicic Acid, HFjSiFg. — Equal weights of 
a mixture of powdered fluor spar and quartz are gently heated, 
in a retort, vrith oil of vitriol, and the gas evolved passed 
into water, the extremity of the delivering tube dipping into 
mercury placed at the bottom of the jar, in order to prevent 
the tube from becoming choked up with the silicic acid which is 
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Precipitated the instant the gaa cornea into contact with water, 
'be gelatinous maea ia Eltered through linen, and the filtrate 
preserved for use. Hydrofluoailicic acid forma an insoluble 
compound with potassium, which it is sometimes employed to 
separate from chloric acid. It ia also uaed to discriminate be- 
tween barium and strontium, with the former of which it forma 
a crystalhne precipitate. 

(55.) Chlorine Water. — The gas evolved by heating finely- 
powdered peroside of manganese with five or sis times its 
weight of hydrochloric acid is conducted into cold water, 
until the fluid ia saturated. It must be kept in a well-cioaed 
bottle aad preserved from the light. It is employed to expel 
iodine and bromine from their combinations. 

(56.) Chloride of Mercury, HgCl.— The corrosive sublimate 
of commerce ia purified by crystallization, and dissolved for uae 
in twelve or fourteen parts of water. It forms characteristic 
coloured precipitates with certain acids. 

(57.) Submtrate of Mercury, HggO.NOj. — One ounce of pure 
nitric acid ia poured on one ounce of mercury and allowed to 
remwn for twenty-four hours m the cold ; the crystals formed 
Bre dissolved in water acidified by nitric acid, aod filtered. A 
small quantity of metallic mercury should be put into the bot- 
iJe in which thia reagent ia preserved. 

(58. J Molubdate of Ammonia. — This reagent, which ia used aa 
s teat for phosphoric acid, ia prepared by roasting sulphide of 
molybdenum until it ceases to liberate sulphurous acid, and be- 
comes completely converted into molybdic acid, which while hot 
IB yellow, but white when cold. It la digested with ammonia, 
filtered, and then mixed with hydrochloric acid iu quantity suf- 
ficient to redisaolve the precipitate which at first forma. The 
solution should be perfectly colourless ; if it haa a yeUow tinge, 
it indicates the presence of phosphoric acid. 

(59.) Protonitrate of Cobalt, CoO.NOs.— It is not easy to 
obtain this reagent quite pure, though for blowpipe esperiments 
it is a matter of great consequence that it should be so. Fre- 
seniuB gives the following direotiooa for preparing it : — an in- 
timate mixture of two parts of very finely -powdered cobalt, 
four parts of saltpetre, one part of effloresced carbonate of 
soda, and one part of dry carbonate of potassa, is projected in 
Bmall portions into a red-hot crucible, wiiich is then exposed to 
Lthe strongest possible heat till the mass is fusing ; when cold 
It ia reduced to powder, boiled with water, and the well-washed 
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mass dissolved in hydrochloric acid; the gelatinous mass is 
carefully evaporated to dryness ; the residue boiled with water, 
filtered, and carbonate of ammonia (carbonate of potassa is 
better) added to the filtrate while kept at the boiling heat till 
all acid reaction ceases ; the filtered solution is precipitated by 
carbonate of potassa, and the precipitate obtained washed and 
dissolved in nitric acid. The solution is evaporated to dryness 
at a gentle heat, and one part of the residue dissolved in ten 
parts of water for use. Solution of nitrate of cobalt is em- 
ployed to distinguish certain metals in the oxidating flame of 
the blowpipe. Thus, alumina acquires a beautiful pale blue 
colour, magnesia a rose-red tint, and oxide of zinc a bright 
green. A few drops of the solution are placed on the sub- 
stance to be operated upon by means of a platinum wire or 
dropping tube. 

(60.) Distilled Water. — No other water should be employed 
in the laboratory. It should give no precipitate or even tur- 
bidity with chloride of barium, nitrate of silver, oxalate of 
ammonia, or lime water, and should leave no residue on eva- 
poration. 

(61.) Aleoholf C^HgOg. — Eectified spirits of wine, sp. gp. 
about '840, are sufficiently strong for most purposes. What is 
termed absolute alcohol, and which is sometimes required, is 
prepared by adding carbonate of potassa, that has recently been 
exposed to a red-heat, to ordinary alcohol until it ceases to dis- 
solve any more ; the whole is allowed to digest for twenty-four 
hours ; the liquid is then poured off, mixed with a sufficient 
quantity of quicklime to absorb the whole, and slowly distilled 
from a retort on a water bath at the temperature of about 180° ; 
it is then obtained of a sp. gr. of *7947. It must not redden blue 
litmus-paper, and must volatilize without leaving any residue. 

(62.) Ether, C4H5O.— Sulphuric ether of commerce is suffi- 
ciently strong and pure for all purposes. In inorganic analysis 
it is employed to detect and isolate hromine. 

The student is recommended to assure himself by careful 
testing of the purity of his reagents ; by so doing he may not 
only save himself from much subsequent embarrassment, but he 
will be gaining much valuable experience in qualitative exa- 
minations. 
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CHAPTEE III. 

ON THE COMPORTMENT OF THE PRINCIPAL METALLIC 

OXIDES WITH REAGENTS. 

26. By means of certain reagents this extensive class of 
compounds may be arranged into a series of Groups ; some of 
which, again, bj other reagents, may be subdivided into Sec- 
tions, the whole forming a very convenient classification : — 

Group I. — Metallic oxides not precipitated from their solu- 
tions hy ht/drosulphuric acid^ hy sulphide of ammonium, or 
by alkaline carbonates. 

The Alkalies proper, viz. oxide of potassium (potassa), 
oxide of sodium (soda), oxide of lithium (lithia), and 
oxide of ammonium (ammonia). 

Group II. — Metallic oxides not precipitated from their solu" 
turns by hydrosulphuric acid, but precipitated under certain 
circumstances^ as salts, by sulphide of ammonium^ and preci- 
pitated by the alkaline carbonates as carbonates. 

The Alkaline Earths, viz. oxide of barium (baryta), 
oxide of strontium (strontia), oxide of calcium (lime), 
and oxide of magnesium (magnesia).* 

Group III. — Metallic oxides not precipitated by hydrosuU 
phtmc acid, but precipitated, as oxides, by sulphide of am^ 
monium. 

Oxides of aluminum, glucinum, chromium, thorinum, 
yttrium, cerium, zirconium, titanium, and tantalum. 

Group IV. — Metallic oxides not precipitated from their acid 

* Oxide of magneriitm is not precipitated by alkaline carbonates in the 
presence of ammoniacal salts ; but it is thrown down under these circum- 
stanoes by phosphate of soda. 



60 QVALITATITE ANALYSIS. 

solutions hy hydrosulphurie add^ hut precipitated, as sul- 
phides, by sulphide of ammonium : 

Oxides of zinc, nickel, cobalt, and iron, protoxide of 
manganese, and sesquioxide of uranium. 

Group V. 
Section A. — Metallie oxides precipitated from their solu- 
tions, whether acid, alkaline, or neutral, hy hydrosulphuric 
acid. 

Oxides of lead, silver, mercury, bismuth, cadmium, 
copper, palladium, rhodium, and osmium. 

This section may be further divided into two sub- 
sections by the comportment of its members with hy- 
drochloric acid ; oxide of silver, and suboxide of mercury, 
being completely, and oxide of lead partially, precipitated 
by that reagent. 
Section B. — Metallic oxides precipitated from their add 
solutions hy hydrosulphwric add, but not precipitated hy 
that reagent from their alkaline solutions, thdr sulphides 
being soluble in alkaline sulphides. 

Oxides of antimony, arsenic, tin, platinum, iridium, 
gold, selenium, tellurium, tungsten, vanadium, and mo- 
lybdenum. 

^ A synoptical view of the comportment of the principal 
metallic oxides with the general reagents, and the colours of 
the precipitates occasioned thereby, is given in the following 
Table. 
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GBOUP I. 

The Alkalies proper: Fotassa, Soda, Lithia, and 

Ammonia. 

27. POTASSA. (KO.) 

General characters of Hydrate of Potassa (K 0, H 0). — When 
pure, it is quite white, dissolving in water with the disengage- 
ment of heat, and attracting both water and carbonic acid from 
the atmosphere. It is highly caustic and eminently alkaline. 
Nearly all its salts being soluble in water, it is capable of being 
precipitated by a very few reagents. Its presence is however 
evinced by the following. 

(Solution of Chloride of Potassium (KCl) may be used.) 

Bichloride of Platinum (PfcClg) produces a bright yellow 
crystalline precipitate of double chloride of platinum and po- 
tassium (KCljPtClg). It is very sparingly soluble in water, 
and its formation is promoted by the presence of free hydro- 
chloric acid. It is quite insoluble in strong alcohol. Previous 
to applying this test, the operator must assure himself of the 
absence of ammonia, and the solution should be concentrated. 

Tartaric acid (2110, C^II^O^q or 2H0,T) added in excess 
produces a crystalline precipitate 

KC1 + 2H0,T=K0,H0,T + HC1 
soluble in strong acids and in carbonated and caustic alkalies, 
but insoluble in tartaric and acetic acids : the formation of this 
salt is greatly facilitated by agitation. 

Carhazotic or trinitrophenic acid, (H0,Ci2 /'NO ^ ^^ ^^ 

solved in alcohol produces a bright yellow crystalline precipi- 
tate (KOjCigHg (r^04)«0), which is freely soluble in boiling 
water, but very sparingly so in cold. 

Perchloric octW (CI Oj) produces a sparingly soluble white 
crystalline precipitate (KOjClO^). 

Before the hlowpipe salts of potassa, if free from soda, 
heated on a platinum wire in the inner flame, tinge the outer 
flame molet If soda salts be present, potassa may be detected 
by fusing a clear bead of borax with oxide of nickel, and then 
adding the mixture ; the brown colour of the bead is changed 
to hlue. 

Characteristic. — The reaction with bichloride of platinum, and 
the violet coloration of the blowpipe flame. 
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28. Soda. (NaO.) 
General characters of Hydrate of Soda (NaO,HO).— They 
ire very similar to those of potasaa. Its soluble saJta afford no 
precipitate H with any of the sDove reagents for potasaa ; but Bi- 
metantimoniate ofpolassa (2 KO,Sb Oj) produces, in neutral and 
even in very dilute solutions, if weD agitated, aad provided no 
'Other oxide but potaaaa be present,a white crystalline precipitate. 
{Bolution of Sulphate of Soiia or of Chloride of Sodium may be used.) 

2(NaO,S03)+2KO,ShOi=2(K 0,80s) + 2NaO,Sb05. 
S^>re the blowpipe soda aalte are distinguished by the 
■strong yellow colour which they communicate to tiie outer 
'flame, which reaction is not prevented by a very considerable 
IS of potaMBa, According to Kobell, one part of chloride 
jOf sodium may hereby be detected in twenty-five or thirty 
, parts of chloride of potaasium. 

29. LiTUiA. (LiO.) 
Oenerat eharacters. — When pure this oxide is white. It is 
not ao soluble in water as potasea or soda. Its solution rapidly 
Bbsorba carbonic acid when exposed to the air. Carbonate of 
iitUia ia very sparingly soluble in water ; when a solution of a 
I'salt of lithia is mixed vrith one of phosphate of soda, the 
double phosphate of soda and lithia of very sparing solubility 
is precipitated. Phosphate of soda is therefore the character- 
lUtic test for this alliali. 

Sfffore the iloicpipe salts of lithia are detected by the fine 
jrimaon tinge which they communicate to the outer flame, when 
'Seated in the inner flame on platinum wire. Potassa aalta do 
Dot interfere with this reaction ; but soda aalta destroy it, 
Bubstituting for the crimson their own peculiar yellow colour. 
30, Ammonia (Oxide op Amuohicu). (NH^O.) 
General characters. — The solution of pure ammonia in water 
ia, when concentrated, highly caustic and alkaline. It baa a 
■powerful and penetrating smell, by which its presence can 
'generally be detected. It attracta carbonic acid from the at- 
' moepbere. Most of its salts are soluble in water, and nearly 
all of them are totally volatilizable by beat. When preaent in 
a uncombined atate, in quantity too small to be detected by 
the smell, its presence may be evinced by the production of 
white clouds when a feather dipped in strong acetic acid is 
'Jield over the liquid. In salts of ammonia the compound 
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metal ammonium (NHJmay be regarded as replacing the sim- 
ple metals in other salts, thus : — 

NH3HCI = (NHJCl 

HydrocMorate of Ammonia. Chloride of Ammonium. 

NH3HO,S03 = NH^O.SOg 

Sulphate of Ammonia. Sulphate of Ammonium. 

Compartment of Ammoniacal Salts toith reagents. 

Bichloride ofplatint^n produces a yellow crystalline precipi- 
tate (NH^ CI, Ft CI3), having a great resemblance to the corre- 
sponding double salt of potassium. 

Tartaric acid produces in concentrated solutions a crystal- 
line precipitate (NH^OjHOjT) much more soluble than the 
corresponding potassa salt. 

If to a solution of corrosive sublimate (HgCl) a sufficient 
quantity of iodide of potassium be added to redissolve the pre- 
cipitate which is at first formed, and then considerable ex- 
cess of caustic potassa, a solution is obtained which will de- 
tect one drop of chloride of ammonium in a pint of water, by 
the production of a yellowish turbidity. The reaction is con- 
sidered to be expressed in the following equation : — 
4(HgI,K(l)+3(KO,HO,)-|-NH3= 
(Hg4NI,2HO) + 7KI+4HO. 



GBOUP II. 

The Alkaline Earths: Baryta, Strontia, Lime, and 

Magnesia. 

31. Baetta. (BaO,HO.) 

General characters. — When pure, it is of a greyish-white 
colour ; it combines with water with the evolution of great heat, 
and is completely dissolved. Its concentrated aqueous solution 
deposits crystals. It is powerfully caustic and alkaline. It 
combines greedily with carbonic acid, forming a white insolu- 
ble compound, which is poisonous. 

Comportment of soluble Barytic Salts with reagents. 
(Solution of Chloride of Barium may be used.) 
Alkaline carbonates produce a white precipitate (BaO,COj) 
soluble with effervescence in hydrochloric acid. 
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Ammonia and caustic alkalies do not produce any precipifcate, 
provided atmospheric air be excluded. 

Sulphuric acid and soluble sulphates produce, eyen in yery 
dilute solutions, a white precipitate (BaOjSOg), quite insoluble 
in water, and very sparingly so in hydrochloric acid. 

Hydrofluosilicic acid (IIF,Sir2) produces after a time a 
colourless crystalline precipitate, almost entirely insoluble in 
Iree acids. 

BaCl+Hr,Sir2 = BaF,Sir2 + HCl. 

Common phosphate of soda (2 Na O, H 0, r Og) produces a white 
precipitate soluble in free acids. 

Oxalic flcw^ (H 0,0203 + aq) and soluble oxalates produce, 
in tolerably concentrated solutions, a white precipitate 
(BaO,C203 + aq) soluble in free acids ; the formation of this 
precipitate is favoured by ammonia. 

Chromate of potassa (KOCrO^) produces a yellow precipi- 
tate (BaOCrO^, very sparingly soluble in nitric and hydro- 
chloric acids. 

Before the blowpipe, salts of barium, particularly the chloride, 
when heated on platinum wire at the point of the blue flame, 
communicate to the external flame a pale apple-green colour, 
which is not suppressed by the presence of salts of strontium, 
calcium, or magnesium, unless they greatly predominate. 

Ch^tracteristic, — The reactions with sulphuric and hydrofluo* 
silicic acids. 

32. Steontia. (SrO.) 

General characters, — It greatly resembles baryta ; but it is 
not so heavy ; neither is its hydrate so soluble in water ; its 
aqueous solution is consequently less caustic. 

Comportment of soluble Salts of Strontium with reagents, 
(Solution of Chloride or Nitrate of Strontium may be used.) 

Alkaline carbonates, the caustic alkalies, BXidi phosphate of soda 
behave towards solutions of strontium salts precisely as towards 
solutions of salts of barium. 

Sulphuric add produces a white precipitate (Sr 0,803) not 
altogether insoluble in water ; in very dilute solutions, there- 
fore, sulphate of lime and other soluble sulphates do not occa- 
sion an immediate precipitate. 

Mt/drofluosilicic acid occasions no precipitate even in con- 
centrated solutions. 

PAKT I. p 
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Ohromate of potassa iu cold and dilute solntions produces 
no precipitate ; but, by boiling, a copious yellow precipitate 
(SrOjCrOg) is determined. 

Oxalic acid produces a white precipitate (Sr 0,0^ ^3 + *^) ©ven 
in dilute neutral solutions ; in very dilute solutions the preci- 
pitate is immediately determined by the addition of ammonia. 

Before the hlotopipe, sulphate of strontia ^es to an opales- 
cent mass, and colours the outer flame carmine-red. Chloride 
of strontium, heated on the ring of platinum wire at the apex of 
the blue flame, tinges the whole flame immediately deep-crim- 
son ; but as the assay fuses the colour disappears, by which it is 
distinguished from chloride of lithium. The presence of chlo- 
ride of barium prevents the production of the coloured flame. 
Soluble salts of strontium, digested with alcohol, and inflamed, 
give rise to an intense and characteristic carmine-red cdlour. 

Characteristic, — The red coloration of alcohol flame ; the non- 
precipitation by hydrofluosilicic acid ; and the gradual precipi- 
tation by sulphate of lime. 

33. Lime. (CaO.) 

When pure, it is white and infusible. It has an acrid, caustic, 
alkaline taste. It has a powerful affinity for water, in combin- 
ing with which it emits great heat, and falls into a bulky 
powder. The hydrate of lime is far less soluble in water than 
the hydrates of the two preceding oxides, one part requiring 
for a perfect solution from 450 to 500 parts of water. The 
solution is slightly caustic, and gradually absorbs carbonic acid 
from the atmosphere, until the whole of the lime is converted 
into carbonate. 

Comportment of solutions of Salts of Calcium loith reagents. 
(Solution of Chloride of Calcium may be used.) 

The caustic and carbonated alkalies, and phosphate of soda, 
behave with calcareous solutions precisely as with solutions ot 
barium and strontium. 

Sulphuric add and the soluble sulphates occasion no precipi- 
tate in very dilute solutions ; but, on the addition of alcohol, 
a precipitate (Ca 0,803) immediately takes place : in concen- 
trated solutions a bulky precipitate is produced, soluble, 
though not remarkably so, in nitric and hydrochloric acids. 

JEEydrofluosilicic acid does not produce any precipitate in 
solutions of calcareous salts. 
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Oxalic acid and the soluble oxalates occasion an immediate 
precipitate (CaOjCgOs) in neutral solutions, soluble in the mi- 
neral acids, but insoluble in acetic acid. 

CaCl + NH4O, C203=CaO, C2O3+NH4CI. 
The formation of this precipitate is increased and quickened by 
the addition of ammonia. 

Before the hlotvpipe, chloride of calcium, unless it has been 
fused, heated on the ring of the platinum wire, tinges the outer 
flame red, but the colour is more feeble than with chloride of 
strontium. Pure lime and the carbonate emit a very strong 
light. Soluble lime salts impart a yellowish-red tinge to the 
flame of alcohol. 

Characteristic. — The reactions with oxalic and sulphuric acids. 

34. Magnesia. (MgO.) 

General characters, — It is a white infusible powder, possessed 
of a feeble but distinct alkaline reaction. Like lime, it is 
more soluble in cold than in hot water : 36,000 parts of boiling 
water, and 5142 parts at 32°, being required to dissolve one 
part of the earth. Caustic magnesia does not emit any heat 
on being moistened with water. 

Sehaviour of soluble Magnesium Salts with reagents, 
(Solution of Sulphate of Magnesia may be used.) 

Ammonia, in neutral solutions, occasions a white bulky pre- 
cipitate (Mg O, H 0). If the solution be acid, or if ammoniacal 
Bfldts be present, no precipitate takes place, in consequence of 
the property possessed by magnesia of forming double salts 
with ammonia. 

Caustic potassa produces a voluminous flocculent precipitate, 
which disappears on the addition of chloride of ammonium ; 
but, on boiling with excess of potassa, the precipitate reappears, 
in consequence of the decomposition of the ammoniacal salt. 

Carbonate of soda produces in neutral solutions, and in the 
absence of ammoniacal salts, a white voluminous precipitate 
2 (B:0,MgO) +3 (MgO,C03), which is increased by boiling, 
in consequence of the expulsion of the carbonic acid, which, 
in the cold, keeps a portion of magnesia in solution. 
5(MgO,S03)-h6(NaO,C02).+ 2HO = 
2(MgO,HO)-h(3MgO,C02) + 2C02. 

Carbonate of ammonia, by boiling, and in the absence of am- 
moniacal salts, occasions a slight precipitate. 

p 2 
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Sulphuric acid produces no precipitate (MgO^SOg), being 
very soluble in water. 

Phosphate of soda alone does not produce any precipitate in 
yerj dilute solutions ; but, if ammonia be added, a crystalline 
precipitate of basic phosphate of magnesia and ammonia 
(2MgO,NH.O,P05) IS formed in highly diluted solutions. 
2(MgO,SOo) + 2NaO,HO,P65 + NH8 = 
2MgO,NH40,P05 + 2(NaO,S03). 
This precipitate is insoluble in ammoniacal salts, but soluble in 
free acids. 

Oxalate of ammonia, in the absence of ammoniacal salts, 

forms a white precipitate (MgO,0 + 2aq). 

Before the hlotopipe, in the absence of other metallic oxides, 
salts of magnesium, when ignited on charcoal, then moistened 
with solution of protonitrate of cobalt, and again strongly 
ignited, acquire a feeble red tint. 

Characteristic, — The reactions with phosphate of soda and 
nitrate of eobalt. 

General RemarJcs on the Oxides of the Second Chroup. 

From the property of magnesia to form soluble double salts 
with ammonia, tnis oxide may be kept in solution by the addi- 
tion of chloride of ammonium and ammonia, while baryta, 
strontia, and lime are precipitated by carbonate of ammonia. 
The magnesia is detected in the filtered liquid by phosphate of 
soda. The immediate formation of a precipitate, on toe addi- 
tion of sulphate of lime, and the gradual formation of a crys- 
talline precipitate on the addition of hydrofluosilicic acid, are 
characteristic of baryta. Strontia, in combination with baryta, 
is detected by converting both earths into chlorides, and digest- 
ing with absolute alcohol, in which chloride of barium is almost 
insoluble. Chloride of strontium is detected in the alcoholic 
solution by the carmine-red flame it communicates to the 
alcohol when ignited ; and lime is detected by oxalate of am- 
monia. To discover the alkalies in the presence of the oxides 
of the second group, the baryta, strontia, and lime are first 
removed by boiling with carbonate of ammonia and caustic 
ammonia, and from the -filtered liquid the magnesia is precipi- 
tated by baryta- water ; the excess of baryta is removed by 
adding sulphuric acid in slight excess, and boiling ; the whole 
is then filtered, and the clear filtrate evaporated to dryness in 
a platinum dish, and ignited; the residue is redissolved in 
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water, and the solution tested for potassa, soda, and lithia, by 
dividing it into three portions, and proceeding with each in the 
manner above directed for the discoverv of the alkalies. A 
portion of the original solution is tested for ammonia, by heat- 
ing with caustic potassa, and applying a feather moistened 
with strong acetic acid to the mouth of the tube. 
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Metallio Oxides not precipitated by Hydrosulphurio 
Acid, but precipitated as Oxides by Sulphide of Am- 
monium. 

{Oxides of Aluminum, Yttrium, Qlucinum, Thorinum, Zirconium^ 
Chromium, Cerium, Titanium, and Tantalum.) 

35. Oxide of Aluminum (Alumina). (AlgOg.) 

General characters. — When pure it is white, and in the state 
of powder it is light, and not at all compact. It has neither 
taste nor smell, but it adheres to the tongue, thereby occasion- 
ing a slight sense of astringency. By the heat produced by a 
stream of oxygen gas directed against the flame of a spirit-lamp, 
it slowly melts, and gives a limpid and colourless globule, which 
on cooling becomes crystalline. It is quite insoluble in water, 
although it possesses a powerful affinity for that fluid, from 
which it can only be deprived by heating to redness. It con- 
denses moisture irom the atmosphere in a remarkable manner. 
The hvdrate of alumina has a strong affinity for vegetable 
colouring principles. 

Comportment of soluble Aluminum Salts with reagents. 
(Solution of Sulphate of Alumina may he used.). 
Sulphide of ammonium produces a white voluminous preci- 
pitate of hydrate of alumina, soluble in potash, hydrosulphurio 
acid being evolved. 

Al203,3S03 + 3.(NH.S)-f 6H0= 
Al203,3HO+3(NH40,S03) + 3Ha. 
Potassa and soda produce in neutral solutions a bulky pre- 
cipitate of hydrate of alumina (AI2O33HO), entirely soluble 
in excess of the precipitant, but again precipitated by chloride 
of ammonium which destroys the solvent. 

K0 + NH4Cl = KCl+NH^a 
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Ammonia occasions the same precipitate very sparingly so-* 
luble in excess of the precipitant. 

The alkaline carbonates precipitate hydrate of alumina with 
the evolution of carbonic acid. 

Phosphate of soda produces a precipitate soluble in free 
acids and in potassa. 

Silicate of potassa (soluble glass) produces a precipitate 
(silicate of alumina) in solutions of this oxide in potassa. 

Before the blowpipe, alumina and many of its compounds 
may be detected by heating the assay on charcoal, then moist- 
ening it with solution of protonitrate of cobalt, and again 
heating it strongly in the oxidizing flame. A fine bk^ colour 
is produced. 

Characteristic, — The reactions with sulphide of ammonium, 
potassa, and nitrate of cobalt. 

36. Oxide or GrLrciNm. (GI2O3.) 

General characters. — This earth, when pure, has neither taste 
nor smell ; it is insoluble in water, and infusible ; but it does 
not harden in the fire like alumina, neither is the paste which 
it forms with water plastic. Its soluble salts have a sweet 
taste with a slight astringency. They do not yield an alum 
with sulphate of potassa. 

Comportment of Salts of Glucinum with reagents. 

Potassa and soda precipitate hydrate of glucina soluble in 
excess of the precipitants, but again precipitated by long boil- 
ing. Chloride of ammonium also precipitates the earth from 
its alkaline solution. 

Ammonia produces a voluminous precipitate, insoluble in 
excess of precipitant ; the presence of chloride of ammonium 
does not prevent the formation of this precipitate. 

The carbonated alkalies occasion a bulky precipitate, which 
is soluble in great excess of the precipitants, but more easily 
in carbonate of ammonia than in carbonate of potassa. 

Phosphate of soda produces a voluminous precipitate. 

Before the blowpipe, glucina and its salts cannot well be de- 
tected ; they do not become blue when strongly heated with 
protonitrate of cobalt, like alumina. 

Sulphide of ammonium precipitates hydrate of glucina with 
the extrication of sulphuretted hydrogen. 

Olttcina is distinguished from akmina by its reaction with- 
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idkaline carbonates ; by its salts not yielding alum with sul- 

Ehate of potash ; and by its not becoming blue when heated 
efore the blowpipe with nitrate of cobalt. 

37. Oxide op Tttbitjm. (TO.) 

General characters. — This rare earth is of a pale-yellow co- 
lour. Its specific gravity is 4*842 ; it is therefore heavier than 
baryta, the specific gravity of which is 4*000. It is soluble in 
acids after ignition. It gradually absorbs carbonic acid from 
the atmosphere. Many of its salts, and especially the sulphate, 
have a faint amethyst-red colour, and a sweetish taste. Ac- 
cording to Mosander, three bases have been included under 
the name of yttria^ one of which he calls erhia, and the other 
terhia. 

Comportment of Salts of Yttrium with their reagents, 

Potassa, soda, and ammonia produce white voluminous pre- 
cipitates, insoluble in excess of the precipitants, even by heat. 

The carbonated alkalies produce precipitates soluble in excess 
of the precipitants, particularly in carbonate of ammonia ; from 
the latter solution crystals of double carbonate of ammonia and 
yttria may be obtained. 

Sulphate of potassa produces, after a time, a precipitate, 
which is completely redissolved on the addition of water, even 
in the presence of sulphate of potassa. 

Phosphate of soda produces a precipitate soluble in hydro- 
chloric acid, from which it is again thrown down by boiling. 

Ferrocyanide of potassium (KgFeCyg) occasions a white pre- 
cipitate. 

Before the hloivpipe, yttria cannot with certainty be detected. 
According to Plattner, phosphate of yttria may be recognized 
by giving a regulus of phosphide of iron with boracic acid and 
iron, and from the diflBculty with which it is dissolved by mi- 
crocosmic salt. 

38. Oxide of Thoeinxtm. (ThO.) 

General characters. — This rare earth is, when quite free from 
manganese, white. It is the heaviest of all the earths, its spe- 
cific gravity being 9*402. Its solutions have an astringent 
taste ; it absorbs carbonic acid from the air. When moist, the 
hydrate dissolves readily in acids ; but after having been driedy 
it is acted on with difficulty. The calcined earth is only at- 
taeked by hot sulphuric acid. Sulphate of thorina is, accord- 
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ing to Berzelius, distinguished from all other oxidized bodies 
known, by its property of being precipitated by boiling, and 
slowly redissolving on cooling. 

Behaviour of solutions of Oxide of Thorinum toith reagents. 

Potassa cmd ammonia produce a quickly subsiding precipitate, 
insoluble in excess of the pretipitants. » 

The carbonated alkalies produce a precipitate dissolving rea- 
dily in excess of the precipitants. 

Sulphate ofpotassa produces a double salt, insoluble in water 
containing sulphate of potassa. 

Ferrocyanide of potassium occasions a heavy white precipi- 
ate, soluble in acids. 

Before the hlowpipe, the reactions of thorina have not been 
studied. 

39. Oxide of Zirconium. (ZgOs.) 

General characters, — When pure and calcined, glucina is a 
white infusible powder; when ignited, it becomes brilliantly 
incandescent : it is sufficiently hard to scratch glass. Its spe- 
cific gravity is 4*3. After having been ignited, it is soluble 
only in concentrated sulphuric acid. Its soluble salts have a 
purely astringent taste, without any sweetness. 

Comportment of Salts of Oodde of Zirconium unth reagents, 

Botassa and ammonia produce precipitates insoluble in excess 
of the precipitants. 

l}he carbonated alkalies produce precipitates slightly soluble 
in excess of the precipitants ; the hydrate of zirconia is solu- 
ble in carbonate of ammonia, but very sparingly so in the car- 
bonates of the fixed alkalies. 

Ferrocyanide of potassium occasions a white precipitate. 

Sulphate of potash produces a white double salt, almost in- 
soluble in water. 

Before the blowpipe, the reactions of zirconia are similar to 
those of glucina, trom which it is distinguished by the vivid 
white light which it emits when ignited. 

40. Sesquioxide of Chromium. (CrgOg.) 

General characters, — After ignition it is of a fine green co- 
lour, and is only soluble in hot sulphuric acid : the hydrate is 
of a greyish-green colour, and is readily soluble in acids, form- 
ing green solutions under reflected, and red by transmitted, 
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light ; but if the hydrate has been strongly dried, but not ig- 
nited, it dissolves in acids with difficulty. 

Comportment of solutions of Salts of Chromium with, reagents, 
(Solution of Sesquichloride of Ghromiimi, Gr^Cla, may be used.) 

Sulphide of ammonium produces a bluish-green precipitate 
of hydrate of sesquioxide oi chromium, sulphuretted hydrogen 
being disengaged. 
Cr^Clg + 3NH4S + 6 H = Cr203,3HO + 3NH4CI + 3HS. 

Potassa produces a bluish-green precipitate (Cr203,3HO), 
readily soluble in an excess of the precipitant, forming a green 
solution, from which the green anhydrous oxide is re-precipi- 
tated by boiling, either alone or with chloride of ammonium. 

Ammonia and carbonate of ammotiia produce a bluish-green 
precipitate, partially soluble in the precipitant, to which it im- 
parts a red colour ; but the precipitation is complete by boiling 
the ammoniacal solution. 

Carbonate of potassa or soda produce a bluish-green precipi- 
tate, soluble completely in considerable excess of the precipi- 
tant, and not re-precipitated by boiling. 

Phosphate of soda produces a light green precipitate. 

Any compound of oxide of chromium when fused with nitre 
gives rise to the formation of chrbmate of potassa (K0,Cr03), 
which is soluble in water, and to which it communicates a yel- 
low colour. 

Before the hloujpipe, the presence of oxide of chromium is 
easily detected by the beautiful green bead obtained when it is 
heated with borax or microcosmic salt, both in the inner and 
outer flame: oxide of copper gives also a green bead, but only 
in the outer flame. 

Characteristic, — The colour of its salts ; their conversion 
bto chromic acid ; and the reaction in the blowpipe flame. 

41. Titanic Acid. (TiOg.) 

General characters. — It is a white, insipid, infusible powder ; 
when heated, it assumes a fine yellow colour, but again becomes 
colourless on cooling. It reddens infusion of tiunsole even 
after having been exposed to a red-heat, though the calcination 
renders it insoluble in acids. 

Comportment of solutions of Titanic Acid wifh reagents. 

Ammonia precipitates a white gelatinous hydrate, soluble 
with great readiness in acids, and soluble also in small quantities 
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in the carbonated alkalies : it is precipitated from its solution in 
carbonate of ammonia by long boiling : its solution in carbonate 
of potassa or soda is precipitated by boiling with sal-ammoniac. 

Titanic acid is precipitated as a heavy white powder from its 
acid solutions by continued boiling : this precipitate cannot, 
however, be washed on a filter with pure water (Rose) : ac- 
cording to Berzelius, it can be completely precipitated from its 
solution in sulphuric acid by long-continued boiling. 

The caustic alkalies and sulphide of ammonium do not preci- 
pitate titanic acid in the presence of a sufficient quantity of 
tartaric acid. 

Ferrocyanide of potassium produces a red-brown precipitate. 

Sulphite of ammonia (NH^OjSOg), aided by a gentle heat, 
completely precipitates titanic acid. If, in a solution of titanic 
acid, or an alkaline titanate, in hydrochloric acid, a bar of zinc, 
tin, or iron be placed, the titanic acid will be reduced to *m- 
quipande of titanium (TigOg), and the liquor will acquire a blue 
or violet colour ; after a time, however, a violet powder is pre- 
cipitated, and the liquid becomes colourless. This is charac- 
teristic of titanic acid. 

Before the hloivpipe, pure titanic gives in the reduction flame, 
with microcosmic salt, a violet bead ; the reaction is observed 
better on adding metallic tin ; in the presence of peroxide of 
iron the glass appears, when strongly heated in the reducing 
flame, yellow, and on cooling, red ; with borax no alteration is 
produced by the presence of iron. 

General RemarTcs on the Oxides of the Third Group, 

Alumina and glucina are both dissolved readily by caustic 
potassa ; but the two earths are distinguished from each other 
by the latter being precipitated from its alkaline solution by 
boiling, and by its hydrate being soluble in carbonate of am- 
monia. Yttria, thorina, and zirconia are not soluble in caustic 
potassa ; yttria is distinguished from the other two earths by 
the double salt which it forms with sulphate of potassa being 
soluble in solution of sulphate of potassa ; whereas the double 
salts formed by thorina and zirconia are not soluble in sulphatd 
of potassa. These two latter earths are not very easily distin^ 
guished from each other ; but the precipitate produced by car- 
bonated alkalies in solutions of thorina is much more soluble in 
carbonate of potassa than the corresponding precipitate in so- 
lution oi zirconia. Thorina is, moreover, more than double the 
density ot zirconia, which is distinguished again by the glaring. 



METALLIC OXIDES. 75 

white light which it produces when strongly ignited. The 
oolour of the salts of chromium, and their hehaviour before the 
blowpipe, is quite sufficient to distinguish this oxide from all the 
other members of the group. Titanic acid is distinguished by 
the blue colour produced on bringing a rod of zinc or iron into 
contact with its acid solutions. 

This group may be subdivided into two sections by the com- 
portment of its members with caustic potassa ; thus aluminay 
glattcina, and oxide of chromium, are soluble in this alkali : the 
other members are insoluble. 



GROUP IV. 

Metallio Oxides not precipitated from their acid solutions 
by Hydrosnlphuric Acid, but completely precipitated 
by Sulphide of Ammonium as Sulphides. 

(Oxides of Zinc, Nickel, Cobalt, Manganese, Iron, and Uranium.) 

42. Oxide of Ziitc. (ZnO.) 

General characters, — When pure it is white; it becomes 
jellow when heated,but on cooling its whiteness usually returns, 
though sometimes it retains it yellow tinge. It is sometimes 
obtained crystalline, and is then always yellow. When the 
metal is burned in the air, the oxide is obtained of snowy 
whiteness, and in light flocks. In this state it has been called 
" philosophical wool." It has a remarkable affinity for alumina ; 
a combination of the two oxides in atomic proportions is met 
with in the mineral kingdom crystallized in regular octahedra, 
and is known under the name of Oahnite. 

Comportment of solutions of Salts of Zinc with reagents* 
(Solution of Sulphate of Zinc may be used.) 

Potassa and ammonia produce in neutral solutions a white 
gelatinous precipitate (ZnO, HO), readily soluble in an excess 
of the precipitants. 

Hydrosulphuric acid produces in neutral solutions a white 
precipitate (ZnS); in acid solutions no precipitate is formed. 

Sulphide of ammonium completely precipitates salts of zinc, as 
ZnS, insoluble in an excess of the precipitant, as well as in 
potassa and ammonia. 

The carbonates of the fixed alkalies precipitate basic carbonate 
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of zinc (3flO,ZnO +2ZnO,C02), quite insoluble in an ex» 
cess of the precipitants, but soluble in potaasa and in ammonia. 
The presence of any salt of the latter prevents the formation 
of this basic salt, a soluble double salt of zinc and ammonia 
being formed. 

Carbonate of ammonia produces a white precipitate, soluble 
in an excess of the precipitant. 

Phosphate of soda produces a precipitate soluble in acids, and 
in potassa and in ammonia. 

Oxalic acid and hinoxalate of potaasa occasion precipitates 
which are soluble in acids and in fixed alkalies, but the forma- 
tion of which is not prevented by sal-ammoniac. 

Ferrocyanide of potassium produces a white gelatinous pre- 
cipitate, insoluble in free hydrochloric acid. 

Ferridcyanide of potassium produces a yellowish-red precipi- 
tate, soluble in hydrochloric acid. 

Before the blowpipe^ zinc salts are easily detected. Heated 
with carbonate of soda on charcoal in the reducing flame me- 
tallic zinc is produced, which volatilizes, and on coming into 
contact with the air is again oxidized, and the charcoal becomes 
covered with a sublimate, which, when hot, is yellow, but on 
cooling white, and gives when heated in the oxidating flame 
with a few drops of protonitrate of cobalt a beautiful and cha- 
racteristic green colour. 

Characteristic. — The reactions with potash and sulphuretted 
hydrogen, and before the blowpipe. 

43. Oxide op Nickel. (NiO.) 

General characters, — The pure oxide is of a deep ash-grey 
colour ; it is not magnetic ; it dissolves readily in acids ; its hy- 
drate is of an apple-green colour. 

Comportment of solutions of Salts of Nickel with reagents, 
(Solution of Sulphate of Nickel may be used.) 

Fotash produces a bright green precipitate, insoluble in an 
excess of the precipitant, but soluble in carbonate of ammonia. 

Ammonia precipitates the same green hydrate, but an excess 
redissolves it, forming a clear blue solution, from which /)o^a««a 
again precipitates the hydrate. 

Hydrosulphuric acid does not precipitate acid solutions of 
nickel. In neutral solutions, after a time, an inconsiderable 
black precipitate is formed ; but in the presence of an alkaline 
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acetate, aided by a gentle heat, sulphuretted hydrogen effects a 
complete precipitation. 

Sulphide of ammonium produces a black precipitate (NiS), par- 
tially soluble in an excess of the precipitant ; hence, after the 
subsidence of the precipitate, the fluid remains black. 

Alkaline carbonates produce a pale green precipitate, soluble 
iu carbonate of ammonia. 

Phosphate of soda occasions a very pale yellow precipitate. 

Ferrocyanide of potassium produces a pale yellowish-green 
precipitate. 

Cyanide of potassium throws down a greenish- white precipi- 
tate (NiCy), which an excess redissolves into a brownish-yellow 
Uquid (Ni Cy, K Cy + II CI = Ni Cy + K CI + H Cy) ; on the ad- 
dition of a mineral acid, cyanide of nickel is again precipi- 
tated, and hydrocyanic acid set free. 

Before the hlowpipe, salts of nickel, heated in the outer flame 
with borax or microcosmic salt, give a reddish-coloured bead. 
The addition of nitre changes the colour to dark purple or 
blue : heated in the inner flame on charcoal with carbonate of 
soda, reduction takes place, and renders the bead grey. 

Characteristic. — The reactions with ammonia and cyanide of 
potassium, 

44. Oxide of Cobalt. (CoO.) 

General characters, — As obtained by the calcination of the 
carbonate, it is of an ash-grey colour ; as obtained by the com- 
bustion of the metal, it is blue or greyish-blue ; as precipitated 
from its solutions by caustic potassa, it has a fine blue colour. 
When this precipitate is boiled for some time, it assumes by 
degrees a violet, and finally a dirty red tinge, which, according 
to Proust, is the hydrate : the blue precipitate is considered by 
some chemists to be a basic salt. It dissolves by fusion with 
vitreous fluxes, communicating to them a magnificent blue 
colour, or if in excess, black. 

Cmnportment of solutions of Salts of Cobalt with reagents, 

Fotassa produces a blue precipitate, insoluble in an excess of 
the precipitant, but soluble in carbonate of ammonia ; the pre- 
cipitate becomes green by exposure to the air, and dingy-red 
when boiled. 

Ammonia produces a blue precipitate, which an excess redis- 
Bolves^ forming a solution which is at first green, but which by 
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exposure to the air becomes brown ; if sal-ammoniac be present 
in sufficient quantity, neither potassa nor ammonia produce any 
precipitate, though, if air have access, the solution gradually 
Decomes brown. 

The alkali?ie carbonates produce a red precipitate, which upon 
being boiled becomes blue. 

Phosphate of soda occasions a blue precipitate. 

Ferrocyanide of potassium gives a green precipitate, which 
gradually turns grey. 

Ferridcyanide of potassivm gives a dark reddish-brown pre- 
cipitate. 

Hydrosulphuric acid in acid solutions occasions no precipi- 
tate : in neutral solutions, after a time, a slight black precipi- 
tate, the solution acquiring a dark colour. 

Cyanide of potassium throws down CoCy as a brownish 
white precipitate, easily soluble in excess of the precipitant ; on 
the addition of hydrochloric acid no precipitate takes place, 
the whole of the cobalt passing into the state of cohaUo^cya/nide 
of potassium; thus: — 

2CoCy + 3KCy + HCy = (Co^CyeKg) + H, 
which is not decomposable by weak acids. 

Sulphide of ammonium produces a black precipitate, insolu- 
ble in excess. 

Before the blowpipe, salts of cobalt are distinguished by the 
beautiful blue colour they communicate to borax and microcos- 
mic salt, in both oxidating and reducing flames. Heated with 
carbonate of soda in the reducing flame, a grey powder (metaUic 
cobalt) is produced. 

Ohuracteristic. — The reactions with potash, ammonia, and 
cyanide of potassium, and before the blowpipe. 

45. Oxide of Manganese. (MnO.) 

General characters. — It is of a greyish-green colour. When 
prepared by igniting the carbonate or oxalate in an atmosphere 
of hydrogen, it absorbs oxygen from the air, gradually becom- 
ing Drown. The oxide, prepared by fusing the chloride with 
anhydrous carbonate of soda, undergoes no alteration by ex- 
posure to the air. The hydrate when first precipitated is white, 
but on exposure to the air it gradually becomes brown. This 
oxide possesses, in common with magnesia and oxide of iron, 
the property of only being partially precipitated by ammonia, 
and of carrying with it a portion of silicic acid when precipi- 
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tated from a liquid holding this acid in solution. The salts of 
oxide of manganese are sometimes colourless, and sometimes of 
a pale rose-colour. 

Comportment of solutions of Salts of Manganese with reagents, 
(Solution of Sulphate of Manganese may be used.) 

Potash and ammonia produce precipitates which at first are 
white, but soon become coloured, first yellow, then brown, and 
finally nearly black : if ammoniacal salts be present, ammonia 
occasions no precipitate, and potassa on] j a partial one, which 
slowly becomes brown by exposure to the air. A clear am- 
moniacal solution containing oxide of manganese gradually 
gets turbid by exposure to the air, brown hydrated sesquioxide 
of manganese being deposited. 

The . carbonated alkalies produce a white precipitate of car- 
bonate of manganese, which is permanent in the air, and spa- 
ringly soluble in sal-ammoniac. 

Phosphate of soda produces a white precipitate persistent in 
the air. 

FeiTocyanide of potassium produces a pale red precipitate, 
soluble in free acids. 

Ferridcyanide ofpotassivm gives a brown precipitate,insoluble 
in free acids. 

Hydrosulphuric acid does not precipitate either acid or neutral 
solutions. 

Sulphide of ammonium produces a flesh-red precipitate 
(Mn S), insoluble in excess, but soluble in mineral acids and 
even in strong acetic acid ; by exposure to the air it becomes 
oxidized, finally assuming a brownish-black colour. 

Fttce-colov/red ocnde of lead (binoxide), heated with pure 
dilute nitric acid, produces when added to a solution of a salt of 
manganese, a fine crimson colour(permanganic acid, Mn207 HO). 

By fusing any salt of manganese on platinum foU with a 
mixture of nitre and carbonate of soda, manganate of soda of a 
fine green colour is produced ; the smallest portion of manga- 
nese may in this manner be detected. 

Before the bloujpipe, fused in the oxidating fiame with borax 
or microcosmic salt, salts of manganese give an amethyst- 
coloured bead, the colour of which disappears in the reducing 
flame, but may again be produced in the oxidating flame. 

Characteristic, — The reactions with sulphide of ammonium 
and hinoxide of lead, and with carbonate of soda with heat. 
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46. Pbotoxidb op Ieon. (FeO.) 

General characters. — This oxide, which is only obtained pxxte 
with extreme diflSculty, is black, and has frequently a metallic 
lustre ; it is brittle ; fuses at a high temperature ; and on cool- 
ing is converted into a brittle, brilliant, but not vitreous mass. 
It is dissolved in acids with great difl&culty, after having been 
exposed to a red-heat ; but the salts formed are identical with 
those obtained by dissolving the metal itself in the respective 
acids. It is very feebly magnetic, by which it is distinguished 
from the ferrosoferric oxide (FeO,Fe20g), which is strongly 
magnetic. It combines with water, forming a hydrate which, 
when pure, is white ; but by contact with the atmosphere it 
speedily becomes coloured ; first grey, then green, then bluish- 
black, and finally yellow. When boiled in an hermetically 
closed vessel, it parts with its water, and becomes black. It is 
the basis of all the protosalts of iron. 

Comportment of Salts of Protoxide of Iron with reagents^ 
(Solution of Protosulphate of Iron may be used.) 

Potassa and ammonia produce a flocculent precipitate of hy- 
drated protoxide of iron, which at first is nearly white, but 
which readily becomes coloured by exposure to the air. The 
presence of ammoniacal salts prevents the precipitation of 
oxide of iron by ammonia, and in some degree by potassa. 

Alkaline carbonates produce a white carbonate, gradually 
becoming coloured, though not so readily as the oxide. It is 
soluble in sal-ammoniac, but a coloured precipitate makes its 
appearance by exposure to the air. 

Phosphate of soda produces a white precipitate, which after 
a time becomes green. 

^rroct/anide of potassium fvoducea a precipitate, which, if 
air be entirely excluded, is white (K,Fe3Cfy2) ; but, if air or a 
small quantity of sesquioxide of iron be present, it has a blue 
tinge ; by exposure to the air, or by contact with nitric acid 
or chlorine, it absorbs oxygen, and gives rise to the formation 
of Prussian blue. The transformation will be understood from 
the following equations : — 

(a.) 3FeCl + 2K2,Cfy = 3KCl + KFe3Cfy2. 
(b.) 3(K,Fe3Cfy2)+4 = 2(Fe4Cfy3) + 3KO-fFeO. 

Prussian blue is insoluble in hydrochloric acid ; its colour is 
discharged by the fixed caustic alkalies. 
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Ferridcyanide of potoMiv 
blue precipitate, insoluble i; 
^■Ikaliea. The compoaitioi 



( (KgCfy^) produces a beautifol 
acids, but easily decomposable by 
Q of this flubatance ia CfyjFj, and it 
{u thus formed : — 

3PeCl + KjOfy3=3KCl + CfyjFeg(Turabull'8blue). 
SgdroBitlphurie acid does not precipitate acid solutions of 
f ^ude of iron ; and neutral compounds very incompletely. 

Sulphide of ajnmomum produces a black precipitate, speedily 
r becoming brown by exposure to tLe air. It is insoluble in 
albaliea and alkaline aulphidea, but easily soluble ia mineral 
acids. 

Before the blowpipe, protosalts of iron heated on charcoal 
■with borai or microcoamic salt in the oxidating flame give dark, 
red beads, becoming lighter on cooling ; in the inner flame the 
colour produced is green, which disappears on cooling, if the 
metal be not preaeut in too large quantity. When fused with 
fioda on charcoal in the reducing flame, a metallic magnetic 
powder is obtained. 

OSororfem^c— The reaclioos with ferroeyanide andferrid- 
cyanide of potassium. 

47. SEaqDioxniE of Ibon, (FeaOg.) 
OcTieral characters. — Its colour and physical appearance 
difler according to ita mode of preparation. It is met witb in 
nature of a grey colour, and crystalline ; as prepared by the 
calcination of the subsulpbate of tbe sesquioxide, it has a fine 
red colour ; from the sulphate its colour is deeper, and when 
made from the nitrate it is brown iab-black ; and it is sometimes 
met with quite black. By the action of a bigb heat it it 
Terted into ferroaoferric oxide (FeOiFcjOj) witli the diaer 

ment of oiygen gas. It does not dissolve very readily a\. 

concentrated acids, after having been strongly heated, though 
much more easily than the protoxide. It is not easily preci- 

fitated from its solutions by means of an alkali or an earth, 
f too little alkali be added, a subsalt is thrown down ; if too 
much, a portion is precipitated with the oxide. 
is oxidized by degrees in contact with a large quantity of 
water, a hjdrate of the sesquioxide of a clear orange colour is 
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Compartment of solutions of Salts of Sesquioaide of Iron with 

reagents, 
(Solution of Sesquichloride of Iron may be nsed.) 

Potassa and ammonia produce a voluminous reddish-brown 
hydrate, insoluble in excess. The precipitation is prevented by 
the presence of organic acids, sugar, etc. 

PeaClg + 8NH3 + 6H0 = re308,3HO + 3NH.C1. 

The carbonated alkalies throw down precipitates of rather a 
lighter colour, carbonic acid being at the same time disengaged. 

Phosphate of soda produces a white precipitate of phosphate 
of sesquioxide of iron of varying composition, which becomes 
brown, and finally dissolves on the addition of ammonia. 

Ferrocyanide of potassium produces a beautiful blue precipi- 
tate (Fe^Cfys) by the following reaction : — 

2FeCl + 3K2Cfy = Ee^Cfyg + 6KC1. 

Sulphocyanide of potassium produces a rich blood-red colour, 
even in very dilute solutions (FeCySg). 

Sydrosulphuric add produces in neutral solutions a white 
deposit of sulphur, the sesquioxide being reduced to protoxide 
thus : — 

re203 + HS = 2FeO + HO + S. 

Sulphide of ammonium produces in neutral solutions a black 
precipitate, insoluble in excess, and becoming brown by expo- 
sure to the air. This precipitation is preceded by the reduction 
of the sesquioxide into protoxide. 

Before the hlovypipe, salts of sesquioxide of iron behave in 
the same manner as those of the protoxide. 

Characteristic reactions, — Tho^Qwithferrocyanide and sulpho- 
cyanide of potassium. 

48. Sesquioxide of Uranium. (UrgOg.). 

General characters, — The hydrate is a beautiful yellow 
powder, soluble in acids, forming fine yellow solutions ; heated 
to about 300°, it loses its water and becomes anhydrous ; it 
then has a bright brick-red colour. Heated above that tem- 
perature, it loses oxygen and becomes converted into uranoso' 
uranic oxide (TJrOjtlrgOg) of a deep-grey colour. Sesquioxide 
of uranium reddens moistened turnsole paper, though it blues 
paper stained red with infusion of logwood. It produces, 
therefore, the reaction of acid and base. According to 
Berzelius, this substance should more properly be called uranic 
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acid; its properties being rather those of an electro-negative 
than of an electro-positive oxide. It forms definite compounds 
with bases, all of which are insoluble in water ; and, when pre- 
cipitated from its solution in an acid by means of an alkali, 
the latter is divided into two portions, and the precipitate ob- 
tained is a uranate. 

Comportment of solutions of Salts of Sesquioxide of Uranium 

with Reagents, 

(Solution of the Nitrate of the Sesquioxide of Uranium may be used.) 

Cimstic alkalies precipitate uranates of the bases of a pale 
yellow colour. 

Alkaline carbonates produce pale yellow precipitates, soluble 
in excess of carbonate of ammonia, but again precipitated by 
boiling. 

Sulphite of ammonia produces at a boiling temperature a 
yellow precipitate. 

Ferrocyahide of potassium gives a reu orown precipitate. 

Sydrosulphuric acid reduces salts of sesquioxide with the 
deposition of sulphur ; but sesquioxide is again produced by ex- 
posure to the atmosphere, or by the action of oxidizing agents. 

Sulphite of ammonia produces a black precipitate. 

Before the blowpipe, heated alone on charcoal, sesquioxide of 
uranium is converted into protoxide ; heated with microcosmic 
salt on platinum wire in the oxidating flame, it dissolves, pro- 
ducing a clear yellow glass, which on cooling becomes green. 

Characteristic. — The reactions with the caustic and carbo- 
nated alkalies and with ferrocyanide of potassium. 

General Remarks on the Oxides of the Fourth Group, 

Of the seven oxides constituting this group, oxide of zinc 
alone is soluble in caustic potassa. It is thus readily separated 
from the other six, and it is distinguished from alumina^ oxide 
of chromium, etc., members of the third group, by its being 
again precipitated from its alkaline solution by sulphuretted 
hydrogen. Oxides of zinc, cobalt, iron, and manganese form 
with ammonia soluble double salts not precipitable by alkalies. 
Oxide of iron is easily eliminated from the other three oxides, 
by converting it into sesquioxide, by boiling with nitric acid or 
with chlorate of potash. It is then completely precipitated by 
ammonia, provided no non-volatile organic matter be present. 
The same is the case with sesquioxide ofuranivm. Hydrate of 

o 2 
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oxide of nickel is dissolved by ammonia, but again precipitated 
bj potassa, Sydrated oxide of nickel and hydrated oxide of 
cobalt are both soluble in carbonate of ammonia, which is not 
the case with hydrated protoxide of manganese, which may thus, 
therefore, be separated from them. The perfect separation of 
oxide of nickel from oxide of cobalt is attended with great 
diflBculties. The presence of nickel may be recognized by the 
behaviour of the solution of its cyanide in cyanide of potas- 
sium with hydrochloric acid, which precipitates it, the same 
not being the case with cyanide of cobalt. In the former case 
a double cyanide of nickel and potassium (NiCy,KCy) is 
formed ; but in the latter, with the presence of free hydro- . 
cyanic acid, a cobaltocyanide of potassium is formed. Thus : — 

2CoCv + 3KCy + HCy = K3C02Cy. + H. 
Now, though tne solution of cyanide of cobalt in cyanide of 
potassium is not precipitated by an acid, it may be so in the 
presence of nickel, and if that metal be present in the propor- 
tion of three equivalents to two equivalents of cobalt, the whole 
of the latter will be precipitated, — the three equivalents of 
nickel replacing the three equivalents of potassium in the 
cobaltocyanide of potassium, and giving rise to cobaltocyanide 
of nickel (N^gCogCyg). Thus:— 

3(NiCy + KCy) + Co2K3Cye= 6KCy + Co^NigCye. 
The blowpipe is, moreover, an infallible test of the presence 
of oxide of cobalt. 



GROUP v.— Section A. 



Metallic Oxides precipitated from their solutions, whe- 
ther acid, alkaline, or neutral, as Sulphides by Hydro- 
sulphuric Acid. 

(Oxides of Lead, Silver, Mercury, Bismuth, Cadmium, Copper, Palladium, 

Iridium and Osmium^) 

49. Peotoxide of Lead. (PbO.) 

General characters. — When pure, this oxide is yellow, but its 
powder has a reddish tint- When certain lead salts, as the sub- 
nitrate and oxalate, are decomposed by heat without fusion, they 
furnish an oxide of a pure sulphur-yellow colour, which by tri- 
turation becomes red : in this state it is sometimes called 



magneot. Bj allowiog a solution ol oside of lead, in CBoetic 
Boda, to remain for Bome months exposed to the air, white, eemi- 
traosparent, dodecahedron crystals of anliydroue oxide may be 
obtained. The same crystals, according to Payen, are formed 
on mixing a dilute solution of acetate of lead, with great ei- 
ceaa of caustic ammonia, and esposing to tbe rays of the sun. 
Protoxide of lead becomes of a deep-red colour when heated, 
regaining its primitive colour on cooling : at a red heat it fuses 
and cools in semitransparent, deep hrick-red, crystalline scales ; 
at a still higher temperature it undergoes partial decomposition, 
the metal being reduced. It absorbs carbonic acid slowly from 
the air ; hence an effervescence generaUy attends its solution 
in an acid. Pure water is capable of retaining in solution from 
TffffB *° TSoTTB "f oside of lead. The hydrate is white, and ab- 
sorbs carbonic acid rapidly from the air. It loses its water at 
about 300°. Protoxide of lead combines with alkalies and 
earths ; its combinations with potassa and soda are crystalliza- 
ble. It enters into fusion with, and dissolves, the earths with 
great facility. Its best solvent is nitric or acetic acid. 

Comportment of solutions ofSaltg of Lead with reagents. 

(Solution of Kitrate or Acetate of Lead may be used.) 
Fotassa and avtmonia produce white precipitates, which s 



ic salts, soluble ij 



.s of Si 



(, hut insoluble ij 



white pcecipitates, soluble in 
precipitate, soluble in 






TYi& carbonated alkalies ^loAnc 
fotaasa. 

Fhogphate of soda occasions i 
-potassa. 
^^' Oxalic aeid produces, in neutral solutions, a white preci- 
ipitate. 

I'errocyanide ofpotasaium produces a white precipitate, solu- 
ble in potassa. 

Iodide of potassium produces a yellow precipitate, soluble in 
great excess by heat, and separating on cooling, in magni^ent 
yellow spangles. (Pbl,) 

Okromaie of potassa produces a fine yellow precipitate, solu- 
ble in potassa, but insoluble in dilute nitric acid. (PbO.CrOs-) 

HydTOcklorir, acid and soluble chlorides produce a heavy white 

precipitate, soluble in boiling water, out of which it separates, 

t-DB cooling, in brilliant crystals. This precipitate is soluble in 

mjfotMia. (PbCl.) 
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ITi/drosulpTiuric add produces a black precipitate, both in 
acid and neutral solutions. (PbS.) 

Sulphide of ammonium produces a black precipitate, insoluble 
in excess. 

Sulphuric acid and soluble sulphates produce a white precipi- 
tate (Pb 0,803) sparingly soluble in dilute acids, but soluble in 
solution of potassa, and assuming a black colour when moist- 
ened with hydrosulphuret of ammonia. 

Before the hlowpipe, on charcoal, mixed with carbonate of 
soda, salts of lead are immediately reduced, furnishing a me- 
tallic globule, which gradually sublimes, leaving a yellow resi- 
due. The metallic globule can easily be flattened imder the 
hammer. 

Characteristic reactions. — Those with sulphuric and hydro- 
chloric acids and with sulphuretted hydrogen, 

50. Foisoning hy Lead, Detection of the Metal in Organic 

Micctures, 

The vegetable a^ids and alkaline and fatty substances dis- 
solve protoxide of lead, forming salts of a poisonous character ; 
and as the glaze of earthenware vessels employed for culinary 
purposes usually contains oxide of lead, the accidental adultera- 
tions of food and liquids which have been prepared or allowed 
to remain for some time in such vessels, are not of uncommon 
occurrence. Pies which have been baked in a newly glazed 
vessel have been known to become contaminated with oxide of 
lead, and to have occasioned the peculiar symptoms of lead poi- 
soning in the persons partaking of them. The presence of the 
deleterious metal in the food, in cases of this kind, is proved 
by moistening the articles with sulphide of ammonium, by 
which they become of a more or less brown colour ; and lead is 
detected in the glaze of the vessels by boiling in them acetic 
acid or caustic potass, by which the oxide becomes dissolved. 
Cases of poisoning by the accidental impregnation of articles 
of drink with oxide of lead would probably be more frequent, 
but for the property possessed by some vegetable substances, 
particularly those containing tannin or gallic acid, of forming 
insoluble compounds ; but, as a general rule, no substances 
used for food should be kept in leaden vessels, neither should 
liquids containing free acid, or in which a vegetable acid is 
likely to be formed, be kept for any length of time in a newly 
glazed earthenware vessel. Dr. Christison relates a case in 
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nhich lead colic, paralysia, and dentti were occasioned by eat- 
ing the cream which formed on milk Icept in a leaden cistern. 
■Wines have been accidentally impregnated with oside of lead, 
ni consequence of the bottles having been cleaned with shot, 
ud Bome of the pellets left behind ; the impregnatioa is not 
»ery likely to occur to any injurious extent in good wine, such 
tu port or sherry, but in acid wines, such as currant or gooBo- 
bernf, a sufficient quantity of the oxide might be diaaolved to 
yroduoe aerious conaequencea. "Wines have been also designedly 
adulterated with oxide of lead, to remove their acidity, and to 
give them a sweet taste ; this fraud was formerly practised to a 
!«oaBiderable extent. It was detected and espoaed in France 
' 1^ Fourcroy. In this country it does not appear to have been 
^raued to any material extent ; though, before t)ie poisonous 
^Utnre of lead compounds was generally known, British wines 
must have been frequently adulterated, for, in an old cookery 
book, quoted by Sir G. Baker, the following recipe occurs : — 
" Tb hinder Wine from turning. — Put a pound of melted lead 
I fair water into your cask, pretty warm, and stop it close." 
Oder, also, is apt to become impregnated with salts of lead, 
I consequence of the metal being used for various purposes in 
le construction of the cider bonse; and although the source 
'. the contamination was long ago pointed out by !jtr 0-eorge 
aker, so recently as 1841 a set of cases which presented the- 
Miipient symptoms of lead colic were traced by MM, Chevalier 
id OUivier to cider having been adulterated with lead to the 
imoiuit of nearly two grains and a half per quart, in consequence 
nf a publican having kept his cider for two days iu a vessel 
lined with lead. The poisonous salt was found to be malate. 
I is often found to contain, lead, which it derives from 
the worm of the stil! ; old rum, on the contrary, rarely con- 
laina the poison ; a circumstance which affords a good illustra- 
tioii of the action of tannin in precipitating the metal in &n 
nsoluble form, for Dr. Traill states that tlie rum intended for 
<pnmediate consumption is collected at once from the still into 
bottles, while that intended to be kept is received into oak 

len oxide of lead has to be looked for in liquids containing 
organic substances, a little nitric acid should be added previous 
to filtration, in order to redisaolve any insoluble compound 
^trmed by the salts of lead with albumen and other organic 
principles, sulphuretted hydrogen is then transmitted through 
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the clear liquor : if a dark-coloured precipitate is formed, the 
whole is boiled and the precipitate collected on a filter. It is 
washed and dried, and then boiled with strong nitric acid, by 
which the sulphide of lead is wholly or in part converted into 
nitrate, which being soluble in water is filtered, neutralized by 
ammonia, and submitted to the general reagents as above. 
Should it be necessary to examine the insoluble matters, they 
are to be cut in small pieces and incinerated in a crucible 
with four parts of black flux ; any lead that may be present 
will be found fused into a small button at the bottom of the 
crucible, and may be removed from the carbonaceous matters 
by washing with water. If the metal is in the form of dry 
oxide, it is readily detected by the blowpipe on charcoal, or 
by mixing it with paste, spreading the mixture on a piece of 
card, drying and burning it, when metallic lead is immediately 
produced. 

Poisoning by carbonate of lead is very common amongst white- 
lead manufacturers and painters ; the poison finds its way into 
the system continuously and insidiously in minute quantities, 
inducing the complaint known as colica pictorum and paralysis. 
Cases of this form of poisoning have not been so frequent in 
manufactories of white lead since the practice has been adopted 
of grinding the carbonate in water. Dr. A. T. Thompson con- 
siders that the carbonate is the only compound of lead which 
possesses poisonous properties; and that if any other salt in small 
doses becomes so, it is in consequence of its conversion into 
carbonate in the body. This opinion is not, however, adopted 
by Dr. Christison, or by Dr. Alfred Taylor. Carbonate of lead 
is known by the following properties : — (1) it is blackened by 
sulphuretted hydrogen ; — (2) it is soluble with effervescence in 
nitric acid ; if, however, as is frequently the case with the com- 
mercial carbonate, it contains sulphate of lead or sulphate of 
baryta, the two latter substances remain undissolved by the 
nitric acid ; the presence of oxide of lead in the nitric acid 
solution is proved by the tests mentioned above ; (3) it is de- 
composed when ignited on platinum foil, leaving oxide of lead 
of a yellow colour ; (4) it is reduced on charcoal by the blow- 
pipe, metallic lead being produced. 

51. Action of Water on Lead, 

Gmelin, in his elaborate * Handbook of Chemistry,' sums up 
the state oi our knowledge of the circumstances under which 
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water becomes impregnated with lead, thus: — 1. Clean lead, 
in contact with water and air, free from carbonic acid, jields a 
Bolution of oside of lead, which turns reddened litmus-paper 
blue, is turned brown by sulphuretted hydrogen, and gives a 
vhite precipitate with sulphuric acid. 2. Water, freed from 
air by boiling, does not dissolve lead when kept in contact with 
it in a close vessel. 3. Water wtiich has been agitated with 
air takes up, in two hours, a quantity of oxide of lead amount- 
ing .to between j,^^j and ^^^ [^7; ; it then reddens blue litmus- 
Kper, and gives a brown isb-black precipitate with sulphuretted 
_ drogen. 4. Spring water, containing If grains of saline 
matter in two pints, and no carbonic acid, when passed through 
a leaden tube 150 feet long, dissolves a quantity of lead suf- 
, ficient to give a brown colour with sulphuretted hydrogen, 



1 



_ Iicient to give a brown colour with sulphuretted hydrogen, ^_ 

^L fi. Dutilled water, in contact with lead and air, free from car- ^H 

^K lionic acid, dissolves ii ooda of oxide, acquires an alkaline re- ^H 

^Laction, and becomea turbid on exposure to the air. Morveau ^H 

^KVOB the first to notice that the presence of small quantities of ^^M 

^B carbouic acid, sulphuric acid, or of various salts, either prevents ^^M 

^P« greatly diminishes the quantity of oxide of lead dissolved ; ^H 

F and Torke found that when clean lead was exposed to spring ^H 

water, 10 pounds of which contained 1-21 grain of chlonde of ^H 

Hodiam and chloride of calcium together with (j'4 grains of car- ^H 

bonate of lime, a slight deposit of brown oxide took place on ^^k 

the surface of the metal, but no oxide was dissolved. In rela- ^H 

^Ltioa to the important subject of the contamination of water by 

^■Sead, Christison remarks : "Leaden pipes should not be used 

^B|br conducting water, unless lead remains untarnished after 

^Bjf the water contains less than fe&ao th of its weight of salts. ^H 

^Kjff the quantity of salts exceeds this limit, audtbe salts consist ^H 

^Fnainly of sulphates and carbonates, leaden pipes may be used; ^H 

but if they consist chieily of chlorides, even I part in 4000 is ^H 

not sufficient to prevent the solution of the lend." That it is ^H 

duigerous, however, to rely on the " preservative action " of ^H 

SQJpliateH and carbonates, even when the water contains sucli ^| 
salts in considerable quantities, will be evident from the follow- 
ing analysis, made by the author, of a water, the action of which 
on the leaden cistern was so great that the bottom of the vessel 
was, after six months, eaten into holes. One gallon of this water 
^eontained nearly 78 grains of solid matter, the composition of 
■ which was — 
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SiUca 0-24 

Carbonate of lime 15*09 

Carbonate of magnesia 18*97 

Sulphate of lime 15*32 

Sulphate of potassa 6*79 

Sulphate of soda 10*77 

Chloride of sodium 11*46 

Organic matters 4*10 

77*74 ^ 
If the organic matters dissolved in water contain nitrogen, 
nitric acid may be formed by the oxidation of that element^ 
which may be greatly promoted by the presence of alkaline 
carbonates. Water impregnated with nitrates acts powerfully 
on lead, and if carbonates and sulphates are not also present, 
the water may hold in solution a very injurious quantity of lead 
salt. This is illustrated by the following analysis, made by the 
author, of a well-water from Highgate, in 1848, which acted 
strongly on the leaden cistern in which it was stored. An im- 
perial gallon contained — 

Silica 0*896 

Sulphate of potash 17*044 

Sulphate of soda 9*516 

Chloride of calcium 6*920 

Chloride of sodium 9632 

Nitrate of lime 40120 

Nitrate of magnesia 17*064 

Organic matters none 

100*191 
In their chemical report on the supply of water to the me- 
tropolis, addressed to the Secretary of State, in June, 1861, 
Professors Graham, Miller, and Hofmann give the following as 
the most practical conclusions which they arrived at after a 
long inquiry, undertaken to illustrate the action of water on 
lead, — a subject, they observe, of great difficulty, and still far 
from being exhausted : — 

Certain salts, particularly sulphates, to which a protecting 
effect is usually ascribed, did not appear to exercise uniformly 
that useful property. Some salts, on the other hand, such as 
chlorides, and more particularly nitrates, increase the solvent 
action of water. Of all protecting actions, that of carbonate 
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f lime, diBHolred in carbonic acid, appeared to be the most 
»nsiderable and surest. The soluble oside of lead is converted 
nto the cBrboriate, which, although not absolutely iuBoluble, 
lq)pears to be the least soluble of all the salts of lead. Pure 
rater did not dissolve a (Quantity of carbouate of lead greater 
fcan -jij- of a grain to the gallon ; while water, on the other 
tband, which contained alrcndj so much as 6 grains of lead to 
■'■the gallon, had the quantity reduced to -jiy of a grain by free 
^-exposure to the atraoephero for twenty-four hours, the lead 
't1>eing deposited aa carbonate by the abaorption of carbonic acid, 
'SCarbonic acid is usually present in well, river, and lake waters, 
Sin quantity sufficient for protection ; and the immunity of such 
*|jatei^ from lead impregnation is probably to be ascribed more 
wten to their carbonic acid than to the salts v'hich they may 
IWbo contain. Organic matter in gqfi water is doubly danger- 
,-Ons, aa the rapid corrosion which it occasions may be followed 
'fbj solution of the lead salt j'ormed. As an illustration of the 
action of soft water, nearly tree from earthy carbonates, on lead, 
'Wren when no soluble organic matter is present, I may refer to 
« well-water from Hatton, which was analysed by the author, at 
the request of the Lord Chief Baron, in consequence of its 
destructive action on the leaden cistern. This water con- 
tained 3847 grains of saline matter per imperial gallon, con- 
ristiiig of— 

Carbonate of lime 2'120 

Carbonate of magnesia .... -880 

Carbonate of soda 13-196 

Sulphate of potassa traces 

Sulphate of soda 10'456 

V ■ Chloride of sodium 9'288 

► Frotocarbonate of iron .... "480 
' Silica -050 

3S'470 

I £2. S,eeognitwn and QuantitativB Estimation of Leadin Water. 
This, fortunately, is attended with no difficulties, though cer- 
f -tMii precautions are necessary when the water contains (as 
Vtdmost all natural waters do, more or less) soluble organic 
I'lpatter, We possess, in »alpAaretted hi/drogen, a test, by which 
I ^tiie presence of ^ of a grain of lead is indicated in one gallon. 
I of distilled water by the production of a brown tinge. In 
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making the experinieDt, the beaker ebould be placed on a sheet 
of wbite paper, and a second benker, to which no sulphuretted 
hydrogen has been added, should be placed by its side, also on 
white paper, so that the faiute«t brown tinge may be rendered 
evident by compariaon ; a few drops of pure hydrochloric acid 
should be added previous to the application of the teet. Dr. 
Smith, in his iuvestigation of the action of the waters of the 
Dee and the Dau on lead pipes and cisterns, employed the 
tint produced by sulphuretted n}'drogen as a meaoB of estima- 
ting, quantitatively, the amount of lead deposited in water. 
1'6 graias of nitrate of lead were dissolved in 1000 grains of 
distUled water ; a solution was thus prepared, 1000 grains of 
which contained 1 grun of metallic lead. From an accurately 
graduated measure, this solution was dropped into a gallon m 
water containiug no lead, until a transmission of sulphuretted 
hydrogen, the same depth of tint, was developed as in the par- 
ticular ease on trial. Very accurate results are said to nave 
been obtained, until the quantity of lead exceeds i grain per 
gallon, wben the colour gets so dark that slight diderences 
cannot be discriminated : j^ of a grain of lead to a gallon of 
pure water gave a tint quite perceptible, that is, one of metallic 
lead in tepen mtllioni, and a less quantity could readily be distin- 
guished by careful comparison, even in specimens previously 
containing a considerable proportion of lead, the diSerence of 
■jt^th of 8 grain was plainly visible. The presence of organic 
matter in solution in water interferes materially with the ac- 
tion of sulphuretted hydrogen on the lead which it may con- 
tain ; and, as Dr. Smith informs us that nearly ooe-balf of the 
solid matter iu the water of the river Dee consisted of organic 
matter, it would appear that the method be describes could 
not give very reliable quantitative results. Previous to applying 
the Hulphuretted hydrogen test, the water should be careftilly 
evaporated to dryness aud the residue ignited in a smaUporcelain 
capsule, whereby the organic matter is destroyed. The saline 
matter should be moistened with nitric acid, and then warmed 
with the addition of acetic acid and water, and, if necesaary, 
fiiltered^ To estimate the amount of lead quantitative^, a 
gallon of the water should be employed ; it should be gently 
evaporated to dryness, and the residue having been moistened 
with a few drops of nitric acid and ignited, is digested with 
dilute hydrochloric acid and flItHed. The solution is neatr^ 
liaed with CHrbonate of aoda, and acidified with acetic atad; '" 




hamall quautitf of bicbrotnate of potash is then added, and the 
liquid set aside for some hours. If a yellow precipitate forma, 
it is chromate of lead, which is rediaaolvea in hydrochloric 
acid, and tartaric acid and exceaa of ammonia having been 
added, sulphuretted hydrogen is passed through the solution. 
The precipitated sulphide of lead is waslied by decantation, 

(and converted into sulphate by evaporating it to dryness with 
a little fuming nitric acid and a drop or two of sulphuric 
acid. The ignited residue contains 736 per cent, of oxide of 
lead. 
According to Taylor, aulpkuric acid fails to detect -^ of a 
Brain of acetate of lead in 1 ounce of water, and begina to 
fcrin a decided precipitate only when the quantity amounts to 
^ of a grain. Iodide of potassium forma a rich yellow pre- 
cipitate with aolable salts of lead, which ia aoluble to some ei- 
teut in boiling water, separating again, as the solution cools, in 
the form of maQ;niScent golden -coloured shining plates ; it fails, 

^ however, according to Taylor, to indicate the presence of ^ a 
grain of lead in 12 ounces of water. 
63. Oxide of Sixteb. (AgO.) 
General charaeten. — Aa obtained by dropping solution of 
nitrate of silver into caustic poiassa, it ia a greyish-brown 
powder ; but, if the eolutiona are concentrated and boiling, 
the oiide precipitatea aa a heavy black powder. , Exposed to 
the rays of the aun, it disengages a certain quantity of oxygen, 
and turns black. It is entirely reduced by ignition. It is 
elightly soluble in pure water, and in water of barytea. It 
reacts alkaline to test paper, and displaces from their combina- 
tions with the alkalies a portion of the acids, with which it 
forms insoluble compounds. It combines with caustic ammonia, 
giving rise to a dangerous substance (fulminating silver). It 
readily dissolves in nitric and other acids. 

Comportment of golutiona of Sails of Silver with reagenli. 

(Solution of Nitrate of Silver maj be iiBod.) 
Poiaesa and aimionia produce a light brown precipitate, 
readily soluble in ammonia (AgO.HO). 

The carbonated alkalies produce a white precipitate, soluble 
in carbonate of ammonia (AgCCOj). 

Phosphate of soda produces, in neutral solutions, a yellow 
precipitate, soluble in ammonia (SAgO.POs). Solution of 
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ignited phosphate of soda (2NaO,P05) g^^^s a white precipi- 
tate (2 Ag 0, P Og) . 

Ferrocyanide of potassium gives a white precipitate. 

Ferridcyanide of potassium produces a reddish-brown precipi- 
tate. 

Chromate of potassa produces a rich brown precipitate. 

Frotosulphate of iron produces a white precipitate, consisting 
of metallic silver. 

Sydrochloric acid and the soluble chlorides produce a white 
curdv precipitate even in exceedingly dilute solutions. This 
precipitate becomes violet, and finally black, without, however, 
suffering decomposition by exposure to light. It is insoluble 
in dilute acids, but readily soluble in ammonia. When heated 
it fuses, without decomposition, into a homy mass. K the 
solution of silver be exceedingly dilute, hydrochloric acid pro- 
duces an opalescent appearance. 

A bar of metallic zinc precipitates silver from its solution in 
the metallic state. 

Hydrosulphuric acid produces a black precipitate, both in 
acid and in neutral solutions. (AgS.) 

Sulphide of ammonium gives a black precipitate, insoluble in 
excess. 

Before the blowpipe^ mixed with carbonate of soda, and 
heated on charcoal, salts of silver are readily reduced, while no 
incrustation takes place. 

Characteristic reaction, — That with hydrochloric acid. 

54. Suboxide or Mebcubt. (HggO.) 

General characters. — It is a black powder which a very gentle 
heat converts into metallic mercury and oxide of mercury, and 
a stronger heat into mercury and oxygen gas. The black pow- 
der obtained by the long-continued agitation of the metal, and 
which was supposed fo consist of this oxide, is probably only 
the metal in a state of very fine division. The soluble salts of 
this oxide redden litmus-paper, and are decomposed, when mixed 
with much water, into soluble acid, and insoluble basic salts. 

Comportment of solutions of Salts of Suboxide of Mercury unth^ 

reagents, 
(Solution of Nitrate of Suboxide of Mercury may be used.) 

Potassa and ammonia produce a black precipitate insoluble 
in excess (Hg20,H0). 
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AlhtUne earhonalea produce a dirty-jeUow precipitate which 
Inma black by boiling. 

Phosphate of soda produces a white precipitate. 

Ferroeyanide of potasiium produces a white gelatinous pre- 
cipitate. 

Fftrridcj/anide of potasitiiim gives a reddish-brown precipitate, 
which gradually becomes white. 

Iodide of potasiium produces a greenish-yellow precipitate, 
loluble in excess. (Hgjl.) 

Chromate of poiassa produces a red precipitate. 

Sydrosulpli-aric acid produces a black precipitate, both in 

id and neutral solutions. (Hg^S.) 

Sulphide of ammonium produces a black precipitate, insoluble 

excess, but decomposed by potatsa into sulphide of mercury 

id melallia mwcttry. It is not decomposed or dissolved by 

dling nitric acid, but easily by aqua regia. 

A bar of metallic sine tlmiwa down an amalgam of ainc and 
mercury. 

Sgdroehlorie acid and soluble chlorides produce a white pre- 
cipitate (Hgj CI), insoluble in acida, but rendered black by po- 
tassa and ammonia, the suboxide being formed. 

Protoehlai-ide of tin produces a grey precipitate, which, 
bailing, resolves into globules of metallic mercury. A drop 
of solution of a salt of suboxide of mercury, rubbed with a 
rag on a piece of bright copper, leaves a silvery stain, which 
disappears when it is heated to redness. 

S^ore the blowpipe, raised with carbonate of soda, and 
heated in a glass tube, metallic mercury sublimes in the form 

tof a grey powder, which, on being rubbed with a glass rod, 
JB resoWed into globules. Calomel (HggC!) should be used 
for this experiment. 
I Characteristic reactions. — Those with hydrochloric acid,po- 
btaa, and ammonia. 
55. OsniE OF Meboukt. (HgO.) 
Oeneral characters. — It is a brick-red crystalline powder ; 
but when finely pulverized has a yellow tinge. At a slightly 
elevated temperature it turns black, but it regains its red 
colour on cooling. At a red heat it is resolved into oxygen 
gas and metallic mercury, and is entirely volatilized. In this 
manner the presence of impurities, red-le-ad or brick-dust, may 
'lie detected. It dissolves readily in acids, but is not acted on 
by ammonia. 
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Comportment of solutions of Salts of Oxide of Merewry with 

reagents, 

(Solution of Corrosiye Sublimate (HgCl) may be used.) 

Fotassa produces a yellow precipitate (HgO,HO) insoluble 
in excess. K an insufficient quantity of the alkali be added, 
the precipitate is reddish-brown. The presence of ammoniaeal 
salts causes the formation of a white precipitate, which is a 
compound of amidide of mercv/ry with undecomposed mercury 
salts. Thus : 

2HgCl+NH3=(HgNH2HgCl)+HCl. 

'Fixed carbonated alkalies produce a reddish-brown precipi- 
tate, insoluble in excess, but converted, in the presence of 
ammoniaeal salts, into the above white product. 

Carhoriate of ammonia produces a white precipitate. 

Phosphate of soda proauces a white precipitate. 

Ferrocyanide of potassium produces a white precipitate, which 
eventually becomes blue. 

Ferridcyanide of potassivm produces, in solutions of the ni- 
trate and sulphate, a yellow precipitate ; in solutions of the 
chloride, none, 

Hydrosulphuric acid and sulphide of ammonium give rise to 
different-coloured precipitates according to the quantity of the 
reagent added. If it be added in small quantity, and the solu- 
tion agitated, the precipitate is white, being a compound of 
sulphide of mercury and undecomposed salt ; the addition of 
larger quantities causes the precipitate to assume, successively, 
a yeUow, orange, brown, red, and black colour. (Hg S.) The 
sulphide of mercury is soluble in solution of potassa, but not 
in boiling nitric acid, though it dissolves readily in aqua regia. 

Iodide of potassium produces a cinnabar-red precipitate, so- 
luble in excess. (Hgl.) It crystallizes out of a hot solution in 
magnificent crimson spangles. 

Protochlonde of tin added in small quantity to a solution of 
chloride of mercury, gives rise to the precipitation of subchloride. 

2HgCl + SnCl = Hg2Cl + SnCl2. .... 
When the reagent is added in excess, the subchloride is in its 
turn decomposed, a grey powder being formed, which may, by 
boiling with a few drops of hydrochloric acid, be united into 
globules of metallic mercury. 

Hgg CI + Sn CI = Hg2 + Sn Clg. 

The Galvanic Tests. — On placing a drop of a strong solution of 




OcnTOBiTB Bublimate on a gold coin, and touching the latter 
through the solution with an iron point, the mercuiy will be 
deposited on the coin in the form of a briglit silvery stain. 
Thia elegant teat has been modified in a vnriety of ways. By 
the following proceBs of Deverge distinct indicatiouH are obtained 
where the poiaon does not form more than an 80,000tii part of 
the vater. A thin plate of gold, nnd nnother of tin, a few lines 
broad, and two or three inches long, are closely applied to 
one another by silk threads at the ends, and then twisted spi- 
rsUy ; thia small galvanic pile is left for twenty-four or twenty- 
six honn in the solution previously acidified with hydrochloric 
acid, upon which the gold is found whitened, and mercury 
may be obtained in globules hy heating the gold in a tube. 
for facUity of application, an important condition is, that the 
quantity of fluid should not exceed three or four ounces, because, 
m a larger quantity, a pOe of the Bize stated cannot remove 
the whole of the mercury. 

Ckaraeteristie reaetiong. — Those with^ofossa and a 



From the researches of M. BouUay and Professor Orflla, it 
KlQipears that various vegetable fluids, extracts, etc., [lOSsesB the 
nower of decomposing corrosive sublimate, a portion of the 
■ chlorine being gradually disengaged in the form of hydro- 
chloric acid ; the salt is consequently converted into calomel, 
which ie deposited in a state of mixture, or combination with 
T^etable matter. It liaa been further sliown hy Professor 
Taddei, of Florence, that gluten possesses the same property in 
a remarkable degree, and that that vegetable principle is capa- 
ble of removing the poison completely from its solution, form- 
ing witli it a ternary compound of protochloride of mercuri/ 
and gluten. Among soluble vegetable principles, albumen, 
eatein, and gelatin possess similar properties ; hence solution of 
■IbnmeD is an antidote against the eifects of the poison. 
Various insoluble animal principles have been likewise sliown 
to act on corrosive sublimate in the same manner as vege- 
table gluten, and this chemical action appears to be the 
Bource of the corrosive property of tlie poison. With these 
&ctB before us, it is evident that in examining cases of poi- 
_.K>mng by corrosive sublimate, we must not always expect to 
I'ftid it in a state of solution, even though it may have been re- 

7AKI I. B 
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ceived into the stomach in considerable quantities. The stten^ 
tion of the toxicologist must, therefore, be directed to both the 
liquid and the solid portions. 

1. Examination of the liquid portion, — It is filtered from the 
solid matter, and a portion tested with protochloride of tin or 
by the galvanic test. Should evidence of the poison be thus 
obtained, the remainder of the solution is mixed with half its 
volume of ether and well agitated : on allowing it to stand some 
time, the greater part of the ether rises to the surface, and maj 
be removed by a pipette. It should then be filtered, and eva- 
porated to dryness, or distilled ; and the residue, being redis- 
solved in water, is submitted to the proper tests. Dr. Taylor, 
does not find this process to answer unless the poison is present 
in a moderately large proportion. He therefore recommends 
to acidulate the suspected fluid with liydrochloric acid, and to 
immerse in it a narrow slip of finely laminated zinc, round 
which a spiral slip of fine gold-foil has been twisted : if at the 
end of five or six hours the gold still retains its bright colour, 
no corrosive sublimate is present. Should it, on the other 
hand, be tarnished, it is washed, first in ether, and then in 
water, dried, and heated in a small reduction tube to obtain a 
sublimate of the metal. 

2. Examination of the insoluble matters. — They are boiled 
with distilled water, and the liquid having been filtered is tested 
as above described. Should no trace of the poison be thus 
pbtained. Dr. Christison triturates the whole of the insoluble 
matters with protochloride of tin, and collects and washes the 
coagulum formed ; he then boils it with a moderately strong 
solution of caustic potassa in a glazed porcelain vessel tiU all 
the lumps have disappeared. The animal and vegetable matters, 
and oxide of tin united with them are thus dissolved, and a 
powder of metallic mercury, generally easily discernible with 
a small magnifier, subsides. To separate it, the solution is 
allowed to remain at rest at a temperature little short of ebul* 
lition for fifteen or twenty minutes ; the vessel is then filled up 
with hot water, and the fatty matters which float on the sur- 
face skimmed off". After two or three affusions, the black pow- 
der is transferred to a smaller vessel, and finally dried, and sub- 
limed in a small tube. By this mode of operating, Dr. Chris- 
tison has detected a quarter of a grain of corrosive sublimate 
mixed with two ounces of beef, or with five ounces of new 
milk, or porter, or tea, made with a liberal allowance of cream 
and sugar. He has also thus detected a tenth part of a grain 
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four ounces of t!ie laat miiture, tliat is in 19,200 times ita 

right. Dr. Taylor directs that the eoagulum obtained by tri- 
tarating the organic mixture with protochloride of tin afiould 
lie well boiled in strong hydrochloric acid previous to digesting 
it with caustic potassa, in order to separate the mercury &odi 
the oxide of tin and organic matters, and to estimate it quanti- 
tatively. In cases where the quantity of poison is small, he has 
found this mode of treatment to be troublesome and not unat- 
traided with risk, la such cases, he prefers the galvanic test, 
by which he states that he has detected one-aixteenth part of a 
eroin of corrosive sublimate dissolved in one ounce of organic 
£quid, and obtained metallic mercury from it in less than half 
a hour ; and he does not think it possible to conceive a case 
where, in an analysis of this kind, the galvanic test would not 
be immediately applicable. 

In the ' Comptea-Eendus,' March 31, 18ir>, MM. Danger 
and Flandin have described their method of extracting mer- 
cury from the liver of an animal poisoned by corrosive sub- 
limate : the process is nothing more than a. modification of 
the galvanic test, bnt the experiments are valuable as proving 
the absorption of the poison. Their process is as follows : — 
The animal substance finely cut up ia heated to about 212°, 
ifitb one-third or half ita weight of strong sulphuric acid ; iu 
an hour or two, the whole forms a dark carbonaceous-looking 
Jiquid. It ia allowed to cool, and chloride of lime gradually 
iSdded. The liquid becomes whiter and more viscid. The quan- 
itity of chloride used is about equal to the weight of the sul- 
phuric acid; it is added until the whole appears like a white 
calcareous mass. The dried residue ia then digested in abso- 
lute alcohol, which dissolves the mercurial compound. It is 
now diluted with water, and the earthy residue repeatedly 
washed, the liquids being afterwards mixed and concentrated. 
The concentrated liquid is placed in a funnel terminating at an 
angle of 90° in a capillary point — the galvanic platea of gold 
and tin being introduced into the contracted part of the funnel. 
Id this way every drop of the liquid comes in contact with the 
metals, and the gold is slowly covered with mercury. They 
state that they have thus detected the metal in a solution con- 
taining the 100,000th part. According to Dr. Taylor, it is easy 
to detect corrosive sublimate in organic aolids by simply boiling 
them with copper gauze and a few drops of hydrochloric acid. 

It must be observed that OrSla takes an exception to the em- 
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ployment of tin and gold as the galvanic elements, and on these 
grounds : — " Some ^w»," he says, " may, after a time, be dis- 
solved, and precipitated on the gold, and thus simulate the ap- 
pearance of mercury ; the whitened gold, when exposed to heat, 
may even recover its golden colour ; the whitening of the gold 
does not, therefore, absolutely demonstrate the existence of a 
mercurial compound in the suspected substance ; and, if the 
fluid metal cannot be afterwards obtained in distinct globules, 
the evidence must be regarded as inconclusive." 

AVlien corrosive sublimate is contained in organic substances 
(albumen, etc.), insoluble in water, Bose recommends to digest 
them in ammonia in preference to potaasa^ the mercury being 
subsequently precipitated on copper much more readily from an 
ammonical than from a potassa solution ; and, in cases where 
ammonia fails to effect a solution, he prefers the following me- 
thod of treatment to the ordinary one of digesting with nitric 
acid : — The dried substance mixed with about a quarter of its 
weight of carbonate of potassa is introduced into a capacious 
retort, and distilled at a heat gradually increasing to redness : 
the mercury rises and is condensed in the neck of the retort, 
where it can easily be distinguished from the brown viscid em« 
pyreumatic oil which passes over at the same time. If the or- 
ganic matter contained only slight traces of mercuiy, the whole 
of the metal is found in the neck of the retort, none passing 
with the oil into the receiver. 

67. Teeoxide of Bismuth. (BiOj.) 

Oeneral characters. — "When, pure, it is of a straw-yellow 
colour, and melts at a strong red-heat to an opaque glass, which, 
while hot, is dark-brown or black, but on cooling becomes 
yellow ; when melted with silica, alumina, or metallic oxides, 
it dissolves them readily. The oxide precipitated by water re- 
tains nitric acid, from which it may be freed by caustic potassa 
or soda, which convert it into a hydrate. It is easily reduced 
by ignition with organic substances or charcoal powder. Its 
salts are colourless. 

Comportment of solutions of Salts of Bismuth with reagents, 
(Solution of Nitrate of Teroxide of Bismuth may be used.) 

Potassa and ammonia produce white precipitates, insoluble 
in excess. 

Alkaline carbonates and phosphate of soda produce white pre- 
cipitates. 



UBT^LLic oxnisa. 

Fhrroet/anide of potassium occaaions a white precipitate, in- 
Boluble in hydrochloric acid. 

l^erridei/anide of potassium, VTO^Mces a light yellow precipi- 
tate, soluble in hydrochloric acid. 

Iodide of potasaiwm produces a brown precipitate, readily ho- 
lable in excess. 

Ckromate qfpotoisa produces a yellow precipitate, soluble in 
dilnte nitrio acid. 

Si/dnmilphurie add and svlphide of ammonium produce a 
black precipitate bnth in acid and neutral solutions, insoluble 
in eicesB, and in dilute nitric acid, but soluble in boiling nitric 
■dd. (BiSg.) 

Before the blowpipe, heated oa charcoal in the reducing flame, 
Btdta of bismuth are easily reduced to brittle globulea, which 
epriiig to pieces under the hammer; the charcoal at the same 
XoBO beoomea covered with a yellow incrustation. 

Oharaeteristic reaction. — The neutral salts of bismuth are 
diatinguiahed by their property of being decomposed by water 
into a soluble acid, aod an insoluble basic salt. The chloride 
of bismuth exhibits this property in the most marked manner. 
The insoluble basic bismuth salt is distinguished from the basic 
Bait of antiraony formed under similar circumstanccB by ita 
being inaoluble in tartaric acid. 

58. Oxide of CirMiDM. (CdO.) 
General eharaeten. — The colour of this oride varies accord- 
ing to its state of aggregation. It is sometimes of a deep red- 
brown, sometimes clear brown, and occasionally black. It is 
infusible, and does not volatilize at eieeedingly high tempera- 
tures ; but, when raised with powdered charcoal, it is reauced 
by heat, and the metal bums and volatilizes. By long-continued 
gentle ebullition of the metal, the oxide may be ohtained, ac- 
cording to Herflpath,in long purple needles, opaque, and grouped 
in rays. Its hydrate is white ; it loses its water by heat, and 
absorbs carbonic acid from the air. It is not soluble in the 
fixed alkalies, but it dissolves in caustic ammonia. It dissolves 
easily in acids, forming colourless solutions. 

Cofaportment of solations of Salts of Cadmium with reagents. 
(Solution of Chloride of Cadmium may be used.) 
PotastawaA awmonio produce a white precipitate (HO,CdO), 
insoluble in potassa, but easily soluble in ammonia. 




I 
I 



102 aUALITATIYE ANALYSIS. 

The carbonated alkalies produce a white precipitate (CdO, 
C Oo), insoluble in excess : ammoniacal salts do not prevent the 
formation of this precipitate. 

Phosphate of soda produces a white precipitate. 

Oxalic add produces a precipitate soluble in ammonia. 

Ferrocyanide of potassium produces a slightly yellow precipi- 
tate, soluble in hydrochloric acid. 

Ferridcyanide of potassium produces a yellow precipitate, also 
soluble in hydrochloric acid. 

Hydrosufphn/ric acid and sulphide of ammonium produce a 
rich yellow precipitate (CdS), insoluble in excess, and in dilute 
acids and alkalies, but decomposed by boiling and concentrated 
nitric acid. 

A ho/r of metallic zinc precipitates the metal fi^om its solutions 
in the form of small, glancing, grey-coloured spangles. 

Before the blowpipe, heated with carbonate of soda on char- 
coal, the metal is reduced and volatilizes, leaving a dark yellow- 
red incrustation. 

Characteristic reactions. — Those with hydrosulphurie acid and 
sulphide of ammonium, 

59. OxroB OP CoppEB. (CuO.) 

General characters, — It is pulverulent, and of a black colour ; 
at a high temperature it fuses, and on cooling exhibits a crys- 
talline fracture. By particular management, Becquerel obtained 
it in the form of fine tetrahedral crystals, having a high metallic 
histre. Heated with charcoal, or in contact with organic matter, 
it is reduced either to metallic copper or to the suboxide. It 
dissolves easily in acids with the disengagement of heat, and its 
solutions have mostly a blue or a green colour. Its hydrate is 
blue ; but at the temperature of boiling water it becomes black, 
a property which interferes with its employment as a pigment. 
It does not unite in the humid wav with the caustic alkalies ; 
but at a red-heat it combines with both alkalies and earths, 
forming blue or green compounds. Caustic alkalies containing 
organic matters dissolve it, forming blue or purple compounds. 

Comportment of solutions of Salts of Copper with reagents, 
(Solution of Sulphate of Copper may be used.) 

JPotassa produces a voluminous blue precipitate (HO, CuO), 
which by boiling loses water and becomes black. 

Ammonia added in small quantities produces a green basic 
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■green cyanidt 
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'orft, which diasolves in exceas, forming a fine blue aolution. In 
this Bolution potassa produces in the cold a blue precipitate, 
which by boiling becomes bla<^k. 

Carbonate of polassa produces a greenish-blue precipitate of 
baeic carbonate of copper, which by boiling is converted into 
black oxide. 

Carbonate of ammonia behaves precisely as ammonia. 

Piotphate of soda produces a greenisn- white precipitate, so- 
luble in ammonia, forming a blue solution. 

Ferroeyanide ofpotatsium produces a chocolate-brown preci- 
pitate, insoluble in dilute acids, but decomposed by potassa. 
(C^Cfj-.) 

Femdayanide ofpotagsium produces a yellowish-green preci- 
pitate, insoluble in dilute acids. 

Cyanide of potassium produces i 
Bolnblflin excess of cyanide of potas 

Chromate of potasia produces a reddish-brown precipitate, 
soluble in ammonia, forming an emerald-green solution, soluble 
also in dilute nitric acid, 

Hydrosulphuric acid and sulphide of ammonium produce a 
black precipitate (CuS), slightly soluble in excess of sulphide 
of ammonium, but insoluble in caustic alkalies, and in sulphide 
of potassium, and in dilute acids. It is readily decomposed by 
boUing nitric acid, and is completely soluble in cyanide of 
potassium. 

■ Metallic iron, when introduced into solutions of oxide of 
copper, becomes covered with a, deposit of reduced copper. 

Sefore the blowpipe, salts of copper heated with borax or mi- 
orocosmic salt in the oxidating flame, gives a grass-green bead, 
becoming blue on cooHng ; in the reducing flame the glass is 
red and opaque ; mixed with carbonate of soda, aud heated on 
ehareoal in the inner flame the metal is reduced, and gives a 
bead of metallic copper, 

Characteristic reactions. — Those with ammonia and jerro- 
eyanide of potassium. Solutions of salts of sesquioxide of ura- 
nium produce a chocolate-brown precipitate with ferrocyanide 
of potassium ; but they are at once distinguished from salts of 
copper by their comportment with ammonia. 

60. Poisoning by Salts of Copper, and detection of the Metal in 
' Organic Miirtures. 

It was long ago shown by Orfila that albumen, milk, tea, 
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coffee, etc., possess the properir of decomposing solations of 
the salts of copper, throwing down the oxide in union with 
various proximate principles. He also found that red wine^ 
bile, vomited matters, and the tissues composing the stomach, 
although they do not decompose the soluble copper salts, alte^ 
materially the action of reagents on them. The following me* 
thod, however, is applicable to all cases. If the suspected sub- 
stance be a liquid, it is filtered, and, as a trial t^t, a clean 
needle is suspended in it, and allowed to remain for some hours; 
if, at the expiration of that time, no red coating should be de- 
posited on it, it is certain that no detectable quantity of the 
poison is present. That the presence of a large quantity of 
organic matter does not interfere with the action of this sim^e 
test, is proved by the following experiment of Dr. !Eaylor. Ho 
dissolved one-third of a grain of sulphate of copper in water, 
and mixed the solution with four ounces of thick gruel. Am« 
monia produced no effect on this liquid, and ferrocyanide of 
potassium gave only a faint reddish-brown discoloration. Two 
drops of diluted sulphuric acid were added, and a bright needle 
suspended in the liquid by a thread : in twenty-four hours the 
needle was covered with a distinct film of copper. The quaife* 
tity of copper salt here present was less than the 6000th part 
of the solution. If, then, the needle has indicated copperi a 
stream of sulphuretted hydrogen is passed through the liquor, 
and the precipitated sulphide of copper washed, dried, and 
digested with strong nitric acid, by which it is converted into 
a mixture of nitrate and sulphate ; it is filtered off from the 
separated sulphur, and the blue solution submitted to the above- 
mentioned tests for the detection of the metal. If the sub- 
stance to be examined is too viscid for filtration. Dr. Christisoii 
passes it through a muslin sieve, adds two volumes of rectified 
spirit when cool, and then filters. Another process may be 
adopted. The filtered liquid is placed in a platinum crucible, 
dilute sulphuric acid added, and a strip of zinc introduced ; 
wherever the platinum is touched by the zinc, metallic copper 
is deposited, and after having in this way coated the platinum 
capsule, the surplus liquid is poured off, and the capsule well 
washed but ; a few drops of nitric acid, with a small quantity of 
water, may be used to dissolve out the copper. In this way a 
pure solution of nitrate of copper may be obtained, and the 
metal, if in moderate quantity, may thus be separated from the 
most complex organic fiuids. 
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Bat all these processes m»y fail to give any proofs of the ez- 
stence of copper, and yet the poison maj he present in a state 
of intimate union with some organic principles, or with the 
mucous membrane of the stomach, in which casea it would be 
insoluble. The following process must then he adopted. The 
Solid substance is cut into small pieces, and added iu successire 
bortions to an equal weight of nitric acid ; the mixture is then 
'Jkeated in a porcelain basin, with a, fifteenth part of chlorate of 
|Kitassa. After the whole has been added, the product is heated 
.till it becomes dark-red and thick. The charring being com- 
pete, the carbonaceous mass is pulverized, then boiled with 
Vitric acid diluted with its own volume of water, evaporated to 
iiryiiesB, redisaolved, and the clear filtered solution tested with 
^ta. It must be mentioned, however, that objections have 
»»a ralaed against this mode of treatment, or rather against 
jyie conclusions that might be drawn from them, on the ground 
Hut copper exists naturally as a constituent part of many aiu- 
p)a\ ana vegetable substances, and more especially in the organs 
f£ the human body. Meissoer and Sarzeau have examined a 
j;reat many vegetable substances, and the latter chemist states 
titat he has succeeded in separating metallic copper from ehin- 
■tifona bark, madder, eojfee, wheat, and^iw. Devergie, ,M. 0. 
Seory, and Orflla assert that they have detected traces of cop- 
iper by the process of incineration, in the bodies of animals not 
poisoned with the preparations of that metal. Chevreul, on the 
other hand, could detect no traces of copper in beef, veal, op 
Buitton, and more recently MM. Danger and Flandin have 
positively denied that copper is ever found naturally in the 
Boman body. An extensive inquiry into this subject was un- 
dertaken by M. Boutigny, who thinks that he has traced the 
presence of copper in vegetable substances to its existence in 
the manures used for raismg the different crops, and in animal 

»aubBtances either to their having been preserved or prepared in 
fopper vessels, or to the animals having been fed on vegetables 
irniob had received a cupreous impregnation from the cause 
shore mentioned. Another chemist traced the copper which 
made its appearance in his experimeuts to the filtenng-paper 
he was using. Dr. Taylor remarks, in reference to this sub- 
ject, that in a practical view the objection amounts to nothing, 
dnce there would be very few cases in which all the chemical 
B vridence rested on the incineration of the viscera, abundant 
^Ki^oofs of the poison being generally afforded by an analysis of 
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the contents of the stomach ; the normal copper said to exist in 
food has not been found to form more than the 100,000th part 
of the food examined ; and if the imputation of poisoning were 
well founded, and copper were discovered at all, the metal would 
be in infinitely larger proportion, so as to leave no doubt of its 
actual admixture. 

A not unfrequent cause of accidental poisoning hj salts of 
copper arises from the action of certain articles of food on the 
metal when used for culinary purposes. Pure water may be 
kept for any length of time in a clean copper vessel, without 
becoming in the least impregnated with the metal, provided the 
air be excluded ; if, however, air has access, a hydrated car- 
bonate, mixed with oxide of copper, is gradually formed. If 
the water contain common salt, or various other saline matters, 
it is found to exert a greater or less action on the metal, and 
to become impregnated with it. It appears, however, from the 
experiments of Falconer and EUer, that neither milk, tea, coffee^ 
beer, cabbage, potatoes, and sundry other vegetables exert the 
least action on clean copper vessels, even by long boiling ; but, 
if the vessel be not thoroughly clean, all acid substances dis- 
solve the carbonate that encrusts it, especially if lefb in it for 
some time. Oily and fatty matters, also, if left for some time 
in copper vessels, become contaminated to such an extent as to 
acquire a nauseous coppery taste and a distinct green colour. 

It was observed by Dr. Falconer that syrup of lemons might 
be boiled for fifteen minutes, in copper or brass pans, without 
acquiring any sensible impregnation ; but if it was allowed to 
cool, and remain in the pans for twenty-four hours, the impreg- 
nation was discoverable by the test of metallic iron, and was 
perceptible to the taste. Proust made the same observations 
with regard to food prepared in copper vessels ; and Dr. Chris- 
tison quotes a fatal accident which occurred from a servant 
having left some sour-krout for only a couple of hours in a 
copper vessel which had lost the tinning. As a general rule, 
no articles of food which contain saline, acid, or oily principles, 
should be prepared in copper vessels. Vinegar is occasionally- 
found to contain traces of copper ; and it is a well-known fact 
that sulphate of copper is sometimes employed for the purpose 
of giving a rich green colour to preserved fruits and vegetable 
pickles ; the presence of the poisonous metal is easily detected 
by the iron test. In many old cookery books, hal^ence are 
directed to be put amongst the pickles, to give them a fine 




green colour. In order to prevent accidental impregnationB, 
eoppOT ressels employed in cooieiy are coated with an alloy of 
tin and lead ; there is do danger to be apprehended from the 
latter metal, for, although some of its salts are poisonous, it 
has been ascertained that the substances which possess the pro- 
perty of diasolving lead cannot attack that metal before the 
whole of the Im in the alloy is oxidated. Sulphate of copper 
was, some years ago, estensivety employed in Franco by bakers, 
who used it to accelerate the panary fermentation ; the pro- 
portion required being an ounce of the salt in two ptnta of 
water for every hundredweight of dough. Some chemists have 
denied that sulphate of copper possesses any such property as 
that imputed to it by the French bakers ; but, from the experi- 
ments of Meylinfc, it appears that not only does the fermenta- 
tion of the dough take place more nuickly, but that the adul- 
terated loaves, when taken out of the oven, are much whiter 
and much better raised than those not adulterated ; he found 
that, if more than eight grains of the salt were added to half a 
Hemiab pound of dough, it could be detected by a peculiar 
taate and a alight green colour. He found, moreover, that the 
employment of the salt of copper, even in the small proportion 
of one grain, had the singular eifect of bringing about the com- 
plete fermentation of the dough with considerably less loss of 
weight than occurs in the common process of baking ; the loss 
in the sound and in the adulterated loaves being in the pro- 
portion of 116 to 100, These remarkable results appear to re- 
Qoire confirmation ; but, if they are correct, the object of the 
French bakers in employing sulphate of copper is easilv ex- 
plained, the practice being a fraud on the public, by enabling 
them to make their loaves of a standard weight with a less al- 
lowance of nutritive material. It does not appear that this 
fnctJce has extended to England. A case of poisoning by 
fiopper, from the use of German silver, which contoiins fifty per 
eent. of copper, is mentioned by Dr. Taylor. It appears that a 
«poon made of this material had been left in an earthenware 
Teesel in which eels had been cooked with butter and vinegar ; 
taiA chemical analysis showed that the cupreous poison had 
tiiereby been introduced. 

61. Oxide op Pailabiuh. (PdO.) 

General characters. — It ia a black powder, acted upon with 

great difficulty by acids. The hydrate is of a deep brown co- 
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lour, and parts with its water odIj at a high temperature. Itg 
solution in nitric and nitro-hjdrocbloric acid has a red-brown 
colour. 

Comportment of solutions of Salts of Palladium with reorients, 
(Solution of Chloride of Palladium may be used.) 

Potassa precipitates a yellowisb-brown basic salt, soluble in 
excess. 

Ammonia precipitates from solution of cbloride of palladium 
a compound of cbloride of palladium and ammonia (FdClyNHs), 
soluble in excess of ammonia. 

Carbonated alkalies precipitate a yellowisb-brown basic salt^ 
soluble in excess of tbe precipitants. 

"Cyanide of potassium and cyanide of mercury produce a yel- 
lowisb-wbite precipitate of cyanide of palladium, soluble in great 
excess of hydrochloric acid. 

HydrosuVphu/ric acid and sulphide of ammonium produce a 
black precipitate, insoluble in sulpbide of ammonium. 

Protochhride of tin produces a black precipitate, soluble in 
bydrocbloric acid, forming an intense green solution. 

Palladium salts are reduced by sulphwrous acid, and by being 
heated with a salt of oxide of iron, or with aformiate. 

Characteristic reactions. — Those with cyanide of potassium^ 
cyanide of mercury, and protochhride of tin. 

62. Sesquioxide of Ehodium. (RgOg.) 

General characters. — The metal, as well as the anhydrous 
sesquioxide, is insoluble even in boiling aquorreyia. Both, 
however, are dissolved by fusion with hisulphate of potassa, or 
on heating a mixture of both with chloride of sodium to red- 
ness and passing over it a stream of chlorine. The colour of 
the hydrated oxide is greenish-grey. The haloid salts of this 
metal are red : the oxysalts yellow, red, or brown. 

Comportment of Salts of Sesquioxide ofBhodiwm with 

reagents. 

Potassa does not occasion any immediate precipitate ; but 
after protracted digestion a precipitate of a greenish-yellow co- 
lour makes its appearance, soluble in excess of the precipitant. 

Ammonia and carbonate of ammonia produce, after a time, a 
yellow precipitate, composed of sesquioxide of rhodium and 
ammonia, which is soluble in hydrochloric acid. 
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: Iodide of polnMiumthraiis down yellow iodide of rhodium. 

Sydrosulphjiric acid and sulphide of ammonium produce, after 
B time, a dark-brown precipitate. 

AH the salts of rhodium are decomposed, and the metal is 
reduced by expoaure to a gentle heat in contact with dry hy- 
drogen gas. Thev are deeompoaed also by iron and zinc, which 
cause a deposit of metallic rhodium. 

63. OuDEs OT Osmium. (ObO; OajOaiOaO^; ObO^.) 

The presence of osmium ia discovered in its salts by miiing 
them with a little carbonate of soda, and heating on platinum 
foil ; the iftetal is converted into oamie acid, whicTi poseeases an 
(stremely acrid aiid penetrating odour like chloride of sulphur, 
attacking powerfully the olfactory and respiratory organs, and 
producing, even in minute quantities, a burning sensation in 
lihe eyes. It corainunicates also a considerable brilliancy to 
flame. The metal itself i a whitish, like platinum, but leas bril- 
liant. It is easily pulverized. It dissolves in nitric acid and 
in aqua-regia, o.imic acid pasaing over with the water of the 
acid. Oamic acid ia easily reduced by maoy metals and orgauic 
compounda. Solutions of salts of oxide of osmium are precipi* 
tated by Tiydi-oaulfhuric acid and sulphide of ammonium aa a 
browiuHb-hlack sulphide, iuaoluble in sulphide of ammonium. 

General Semarks on the Oxides of the Fifth Group, {Section ji,) 
The metallic oxides constituting this section admit of a divi- 
non into two auh-aectiona by their comportment with hydro- 
chloric acid. Three of them, viz. oxide of lead, oxide of silver, 
and oxide of mBroury, are precipitated by that reagent ; the 
others are not. Of the chlorides thus iormed, chloride of silver 
is easily separated from the other two by ammonia, in which 
it is perfectly soluble, and from which it is again precipitated 
by uitric acid. The same alkali decomposes suockloride of 
mercury, converting the metal into black suboxide, from which 
chloride of lead may be removed by boiling water, and the 
metal tested for in the clear solution by any of the reagents 
mentioned under its head. The insolubility of sulphide of 
tnercury in nitric acid serves to separate this metal from all 
' the others iu the group. The precipitates caused by potassa 
ftnd ammonia in solulioDB oi oxide of cadmium and oxide ofcop' 
per are soluble in ammonia; those of the others are not; but 
the kydrated oxide of copper ia Boluble also in carbonate of 
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amfnonia. JSy&rated oxide of cadmium has no such property ; 
moreover, the blue colour of the ammoniacal solution of oxide 
of copper is perfectly characteristic of that metal. Cadmium^ 
again, is distinguished by the colour of its sulphide, which, 
being insoluble in sulphide of ammonium, distinguishes it from 
the yellow sulphides of some of the metals in the next group, 
all of which a^e soluble in sulphide of ammonium. Oxide of 
bismuth is readily detected by the decomposition of its salts by 
water. Salts of palladium are recognized by their behaviour 
with cyanide of mercury and cyanide of potassium. The insolu- 
bility of oxide of rhodium in acids, and the colour of its salts, 
serve to distinguish this metal ; and the presence of osmium 
compounds is recognized by the penetrating odour of osmie acid. 



GROUP v.— Section B. 

Metallio oxides precipitated from their acid solutions by 
Hydrosulphuric Acid, but not from their alkaline 
solutions, their sulphides being soluble in alkaline 
sulphides. 

{Antimony, Arsenic, Tin, Platinum, Iridium, Gold, Selenium, Tellurium, 

Tungsten, Vanadium, Molybdenum.) 

64. Teeoxide op Antimony. (SbOg.) 

General characters, — It is a white powder, having a great 
tendencv to assume the crystalline form ; by sublimation it is 
obtained in brilUant, white, prismatic crystals, in which state 
it is sometimes met with naturally ; heated in the air, it burns, 
emitting a white smoke, and becomes partly converted into an- 
timonious acid (8b O^). Heated in a close vessel, it melts into 
a yellow liquid, which on cooling becomes nearly white and 
crystalline ; at a higher temperature it sublimes, leaving no 
residue. It is dissolved in small quantities by boiling water. 
This oxide is insoluble in nitric acid ; but it dissolves in hydro- 
chloric acid, and the solution is decomposed by water, a basic 
salt being separated, which is readily dissolved by tartaric acid 
and acetic acids ; and a certain quantity of the oxide is held in 
solution by the liberated acid. 

6 SbClg + lS HO=(SbCl3,5 SbOg) -hlSHCl. 
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Comportmmt of solutions of Salts of Teroxide of Antvmoni/ with 
reagentt. 

(Solution of Sesquichlorido of Antimonj may be uaed.) 

Potasia aad ammonia produce white precipitates, Boluble in 
fotatsa. 

. Alkaline earbonatee oaA phogpkate of soda behave in a Bimilor 
tDUmer. 

Metallic zinc throws down metallic antimony as a black 
powder; if nitric acid be present, the seaquioxide is procipi- 
itated. at the same time. 

SfidrosuJphuric acid throws downfrom acid Bolutiona an orange 
fellow precipitate (SbSj), readily soluble iu escess and in po- 
ttuaa; but very sparingly soluble in ammoma, and almost entimy 
insoluble in carbonate of ammonia. It is insoluble in dilute acids, 
I>utiB decomposed by concentrated and boiling hydrochloric acid ; 
the precipitate ia very incompletely formed in neutral solutions. 

Suhhule of ammonium pToances a.n orange-yellow precipitate, 
compfetety soluble in escesa. 

The solution of double tartrate of antimony and potassa 
(tartar emetic) is only precipitated after a time by alkalies and 
their carbonates. 

Antimimi) poBsesses tlie property of forming a gaseous combi- 
nation with hydrogen ; the union of these two bodies may be 
brought about by adding zinc and aulphuHc acid to a solution 
containing the oiide, which becomes deoxidized by the zinc ; a 
portion of the metal unites with the hydrogen of the water, 
irbicb is at the same time decomposed. Antimoniwetted hy- 
drogen is inflammable, burning with a bluish-green flame, and 
emittJDg copious fumes of sesquioxide ; if the flame be allowed 
to impinge on a cold surface, such as a porcelain plate, a dark 
spot of reduced antimony will be produced. If the gas, as it 

{roceeds from an evolution flask, be allowed to pass along a 
orizontal tube of hard German glass, aud tbe tube be heated 
to redness at a certain point, decomposition of the gas will take 
place at that spot, on both sides of which a brilliant mirror of 
metallic antimony wiU be deposited : if now a stream of dry 
sulphuretted hydrogen be allowed to pass through tlie tube, 
the bright mirror will vanish, and a deposit of a more or less 
intense yellow colour will take its place, the antimony being 
converted into mlphide. If now the flask in which sulphuretted 
hydrogen is generating be removed, and its place supplied ' 



Iphuretted ^H 
applied by ^H 
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one containing the materials for generating hydrochloric acid 
gas, and if a gentle stream of this gas be sent through the tabe, 
the yellow deposit will vanish, the sulphide being converted into 
chloride, which being volatile may be conveyed with the gas 
into a vessel of water, in which the presence of antimony may 
then be proved by acidulating it with hydrochloric add, and 
transmitting through it a stream of sulphuretted hydrogen ca8« 

Before the blowpipe, mixed with carbonate of soda on char- 
coal, oxide of antimony is easily reduced, and brilliant metallie 
globules obtained; the metal fuses and volatilizes, covering 
the charcoal with a white incrustation, amongst which needle- 
flhaped crystals frequently appear. 

Vharacteristic reactions, — The orange-coloured precipitate 
with hydrosulphnric acid; the decomposition of neutral salts 
by water, and the solubiHty of the precipitate thus produced 
is tartaric acid. 

65. Detection of Antimony in Organic JUiatures, 

When tartar emetic has to be sought for in organic mixtoreiy 
it may be necessary to examine the solid as well as the liquid 
portions, in consequence of the property possessed by certain 
organic principles, particularly such as contain tannin, of form- 
ing with oxide of antimony insoluble precipitates. The subject 
of analysis is acidulated with hydrochloric and tartaric acids, 
and filtered. As a trial test, a piece of paper may be dipped in 
the clear liquid, and then immersed m sulphide of ammo* 
nium; the production of an orange-red stain indicates anti- 
mony. . The whole of the filtrate is now treated with sulphu- 
retted hydrogen, and the precipitate, after being well wasned, 
is boUed with strong hydrochloric acid, and the solution mixed 
'with a large quantity of water ; the formation of a dense white 
precipitate is characteristic of antimony (the oxychloride). 
Should no indication of antimony be obtained from the liquid 
portion, the solid residuum on the filter must be boiled for 
some time with a strong solution of tai*taric acid, filtered, and 
treated precisely as above. It may still be necessary to examine 
the tissues of the body. Orfila directs thus : — The thoroughly 
dried viscera, etc., are boiled with concentrated nitric acid until 
dissolved; the mass is then evaporated to dryness and car- 
bonized; the carbonized residue is digested with nitro-muri- 
atic acid, by which all the antimony is converted into chloride ; 
a portion is then examined in Marsh's apparatus for an anti- 
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mooial Bublimate, and another portioii, after being e 

to dryneaa. ia moistened with sulphide of ammoi 

this way, Orfila auoeeeded in obtaiaing proof that antimony ia 

absorbed; he thus detected it in the hrer. 

It must be remembered, that as preparations of antimony 
ore used aa medicine, it is not the discovery of small quantities 
of the metal that can be received as a proof of intentional poi- 
BOniog, as in the case of arsenic. Taylor aays that tartar emetic 
is by no means so poisonous as it ia often described to be, and 
that though in doses of from half an ounce to an ounce, or less, it 
muBt be regarded as an irritant poison, it has been administered 
in doses of 40 grains in twenty-four hours to an adult without 
occasioning any serious mischief 

66, Aesesious Acid. (AsOj.) 
Oeneral characters. — As met with in commerce, this acid is 
slmoet completely pure ; it is without smell and almost with- 
out taste ; if kept for some time in contact with the tongue, it 
a a slightly bitter taste, which h w la one of 

le-ss. it subhmes before enter g int t but with 

certain precautions it may be fused n 1 Is, and ob- 

tained on cooling in the form of a col url t an p ent glass. 
When sublimed in a current of air t f m fi ctahedral 
CrystalB. Its vapour is without col t t the odour 

itnicfa accompanies it is due either t th d t n of the 
metal or to the formation of a lower oxide. This acid has two 
iaomeric modifications, one of which is represented by the vtfrfous 
and the other by the milky variety. The latter waa supposed 
to be merely the result of an admixture of water; but it has 
been ascertained that the two rarieties differ both in their 
specific gravity and in their chemical properties. The action 
of water on arsenious acid is materially influenced by circum- 
atances. According to Taylor (Guy's Hospital Reports, iv. 81), 
hot water, cooling from 212° on tlie poison in powder, dissolvee 
about -^^th part of its weight : this is in the proportion of 
nearly 1^ grain to about 1 fluid ounce of water. According 
to the same authority (Taylor on Poisons, second edition, p. 
S55), water boiled for an hour on the poison and allowed to 
cool, holds dissolved the 40th part of its weight, or about 11 
Brains to 1 ounce. Cold water allowed to stand for many 
^ EouTB on the poison does not dissolve more than &om the lOOOth 
l.to the sooth part of its weight ; that is, i grain to 1 grain of 

FART I 
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arsenic to nearly 1 fluid ounce of water. The presence of or^ 
ganic matter in a liquid renders arsenious acid much lees 
soluble. Thas, Taylor found that hot tea with milk and sugar 
and cold porter did not take up more than about i grain to 
the ounce ; while hot coffee and cold brandy did not dissolye 
more than 1 grain to the fluid ounce. The aqueous solution 
of the acid reddens paper tinged with infusion of turnsole. 
Eose has observed that a saturated solution of the vitreous add 
in hydrochloric acid deposits on cooling octahedral crystals) 
during the formation of which flashes of light may be observed 
in the dark : neither of these phenomena occur with the milky 
variety. The great diversity of statements made with regard 
to the solubility of arsenious acid in water, has arisen noi 
only from the difference of the two varieties in this respect, 
but also probably from the different manner in which the ex- 
periments have been made. Arsenious acid dissolves much 
more readily in acids than in water, and is deposited unaltered 
on cooling from hot solutions. It forms a class of salts called 
artfenites, all of which are poisonous, though not so eminently so 
as the acid itself. • The best antidote to this poison is hydrated 
sesquioxide of iron, perfectly free from alkali, which has not 
been dried, but preserved in a gelatinous state saturated with 
water ; arsenious acid forms with this oxide a basic insoluble 
salt. Perhaps the 1)est method of administering this antidote 
is in the form of a completely saturated solution of the by- 
drated sesquioxide in acetic acid. 

Comportment of Arsenious Add with reagents. 

JSydrosulphuric add produces in aqueous solutions of arse* 
niouB acid a very slow precipitation ; but in the presence of 
free hydrochloric acid an immediate precipitate of suhpharMe^ 
niom add (As S3) of a bright yellow colour is produced. This 
precipitate is easily soluble in alkalies, alkaline carbonates^ and 
alkaline sulphides ; it is also decomposed by boiling nitric aaid, 
though it is nearly insoluble in hydrochloric acid. When fused 
with an alkaline carbonate and nitre, it is decomposed, the pro- 
ducts being arseniated and sulphated alkali. When an alkeiline 
solution of sulpharsenious acid is boiled with oxide of oopptf, 
sulphide of copper and arseniated alkali are formed. 

When vapours of sulpharsenious acid are passed over ignited 
lime, sulphide of arsenic, sulphide of calcium, and arseniate of 
lime are formed with the separation of arsenic. 
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When snlpharsenious acid is fiised with cyanide of potas- 
sium, sulphocyanide of potassium is formed and arsenic is set 
4ree. 2A8S8+8KCy=3KCyS2+As^. 

This experiment is best made by introducing a mixture of 
^one part of snlpharsenious acid with ten or twelve parts of a 
mixture of two parts of dry carbonate of soda and one part of 
cyanide of potassium into a glass tube, drawn out as shown in 
]Pig. 87, and heated to redness while a current of dry carbonic 
aeKl gas is passed over it ; the arsenic is deposited on tlie cold 
•surface of the narrow part of the tube in the form of a shining 
mirror. * 

▲ is a flask containing lumps of marble, provided with a 
fonnel-tube^ through which hydrochloric acid is passed for the 
generation of carbonic acid, b is a smaller flask containing oil 




Fig. 37. 

of Titriol, in passing through which the carbonic acid becomes 
dried. The mixture of snlpharsenious acid with cyanide of po- 
tassium and carbonate of soda is introduced into the tube c d 
of hard glass so as to occupy about an inch. The dry carbonic 
add is cdlowed to flow slowly for some time through the tube, 
it is then heated bv a spirit lamp, at first gently, and then to a 
full red-heat, until the mass is completely fused ; reduction 
takes place, and the vapours of metallic arsenic are carried for- 
ward and condensed in the narrow part of the tube at d, where 
a hutrous mirror or a arej^ film (according to the quantity of 
arsenic) is deposited. The reduction being complete, the lamp 
is removed and carbonic acid is allowed to pass slowly through 
the tube till it is cold. That portion of the tube containing 
the mirror is then cut off with a file and digested vdth strong 
nitric acid, by which it is converted into arsenic acid; the 

I 2 
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nitric solution is then evaporated till the excess of acid is ex* 
pelled, a few drops of nitrate of silver are added, and then (if 
necessary) a drop of ammonia, upon which the hrich^ed pr&> 
cipitate characteristic of arseniate of silver is obtained. 

Arseniotts and sulpharsenious acids are easily reduced by 
mixing them with three or four times their weight of blaei 
flux (obtained by deflagrating equal weights of cream of tartar 
and nitre in a red-hot earthen crucible) and heating the mix- 
ture in a small tube of hard glass. The flux, previously well 
dried, is well mixed in a mortar with the arsenious or the sul- 
pharsenious acid, and the mixture is introduced into a glass tube 
about the diameter of a common quill and shaped as in one of 
the forms indicated in Pig. 38. The gentle heat of a spirit or 






Fig. 88. 

gas lamp is applied, and in a short time metallic arsenic will 
make its appearance on the upper part of the tube, in the form 
of a brilliant steel-like mirror. Supposing sulpharsenious add 
to have been the arsenical compound employed, the following 
represents the reaction :— 

AsS3+3(KO,C02)+3C = SKS+SCOg+SCO+As. 
When the tube is cold, that portion on which the arsenic is de> 
posited is removed by a file ; it is broken up into small fraff- 
ments, placed in a loug, clean, diy test-tube, and heated gentfy 
over a gas or spirit lamp, the tube being held in an indined 
position ; the arsenic becomes oxidized and converted into ar- 
senious acid, which is volatilized and again deposited on the 
cooler parts of the tube in the form of crystals, which can be 
readily distinguished as octahedra with the aid of a small pocket 
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lena. When the tube is cold, it ta boiled out once or twice 
with, distilled water, which will dissolve the arsenious acid. 
' The solution may be subjected to the f'oilowiutf testa ; — 

Ammoiiio-nitrale of gilver (prepared by adding ammonia to 
S Bcdution of nitrate of eilver in very slight excess, bo as nearly 
Trat not quite to rediasolve the {jrecipitate which is at first 
ftrmed) ;iroducea a yellow precijjitete (2AgO,As03), soluble 
in ammonia and in dilute nitric acid. 

Ammonio-su/pkate of copper (prepared by adding a drop or 
two of ammonia to a solution of sulphate of copper) gives a 
flne green precipiUite (2Cu 0, AbO^}, readily soluble in ammo- 
Ilia and in nitric acid. 

If a solutioD of arsenious acid in caustic potaaaa be warmed 
with a email quantity of aulphate of copper, a red precipitate of 
tuhoxide of copper will be formed, the arsenious acid being 
converted into arsenic acid. 

ABO3+4Cu0=AaO5+2Cu2O. 
This, however, is no test for arsenic, since many other snb- 
fltauces are capable of reducing protoxide of copper to sub- 
oxide. 

Artenic, like antimony, forma a gaseous compound with hy- 
drogen. The combination of the two elements may be effected 
by bringing together artenioug acid, or an arsenile, with sine, 
water, and sulphuric or hydrochloric acids. This property is 
taken advantage of (first by the late Mr. Marsh, of Woolwich) 
Baa test for the metal, and forms a valuable method of isolating it. 
The materials for generating the hydrogen are introduced into 
the evolution flask a, Fig. 39, and the gas bein^ dried by passing 
Arough a tube filled with dry chloride of calcium b, is inflamed 
it the point of the beot tube, o, (sufGcient time being allowed to 
Bxpel the atmospheric air from the apparatus,) and a porcelain 
l^te depressed on the fiame. If, afterburning for some time, 
BO incrustation or blackening appears on the plate, it is a sign 
that the materials in the evolution fiask aro free from arsenic ; 
additional assurance is, however, obtained by heating a portion 
of the horizontal tube to redness at b, by means of a spirit 
bmp ; no incrustation must be observed in the tube. The 
liqnid to be tested for arsenic is now introduced into the evolu- 
tion flask through the funnel-tube ; and if it contain any traces 
ef the poison, the flame of the hydrogen will acquire a bluish- 
white colour, owing to the reduction and separation of the ar- 
tenic, and fumes of arsenious acid will make their appearance. 
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Oa now depressing the porcelain plate npon the flame, brown 
arsenic Bpota will be obtained: these incnutotions bare ■ 
Bhinicg metallic appearance, those of antdmony being blade 
and posBeaeing scarcely any metallic lustre. The arsenical 
crust is, moreover, easily soluble in solution otebtoride fffUme,- 
that of antimony being unaffected by that reagent. On ap- 
plying the flame of the spirit lamp to the horizontal part of 




i^» 



Fig. 89. 

the tube, an incrustation of metallic arsenic will be formed on 
the cold part of the tube, which is darker and less silrery than 
that fanned by antimony under similar circumstances ; and on 
cutting off the tube near the deposit and heating it Btrongly 
tu a long test-tube, the arsenic is converted into arseniona 
acid, which is recognized by its garlic odour, and which maybe 
dissolved in hot water, and tested by mtrate qf aiher and nH' 
vhate of copper. 

The following modification (Fig. 40) of Marsh's apparatus by 
the Academy of Sciences of Berlin is described by Dr. tJpe (Sup- 
plement to the Dictionary of Aris, Manufactures, and Mines): — 

B is a nsrrow glass cylinder open at top, about 10 inohes' 
bi^h, auditor 1^ inch in diameter inside, a is a glass tube about 
I inch in diamet«r outside, drawn to a point at bottom, and shab 
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with B cork at top. Through the centre of this cork the Email 
tube o passes down air-tight, and is furnished at top nith a 
■topeock, into which the Bmail 

bent glass tube (without lead) e ' ~ 

ie cemented. The bent tube e is 
joined to the end of p by a perfo- 
rated cork. 

This apparatus is used ns fol- 
lows : Introduce a few oblong slips 
of zinc free fromareenicinto A, and 
then insert its air-tight cork with 
the attached tubes. Hanng opened 
the stopcock, pour into the tube 
B as much of the suspected liquid, 
Boidukted with dilute pure sul- 
phuric scid, as will rise to the top 
of the cork in A, and immedi- 
ately shut the stopcock. The ge- 
nerated hydrogen will force down 
the liquid out of the lower orifice of 
A into B, and raise the level of it 
above the cork. The extremity of 
the tube f being dipped bcncnth 
the surface of a weak solution of nitrate of silver, and a spirit 
flame being placed a little to the left of the letter e, the stop- 
cock is then to be slightly opened, so that the gas which now 
fille the tube a may escape so slowly as to pass off in separate 
BmaU bubbles through the silver solution. Br this means the 
whole of the arsenic contained in the arseniuretted hydrogen 
will either be deposited in the metallic state upon the inside of 
the tube E, or a characteristic black powder will be deposited in 
the silver solution. The first charge of gas in a being expended, 
the stopcock is to be shut till the liquid be again expelled from 
it by a fresh disengagement of hydrogen. Tiie ring of metallic 
enenic deposited beyond e may be chased onwards by placing 
a second name under it, and thereby formed into an oblong, 
brilliant, steel-like mirror. It is evident that by the patient 
ow of this apparatus, the whole arseuic in any poisonous liquid 
Hiay be collected, weighed, and subjected to every kind of che- 
mical verification. By means of the perforated cork, the tube 
V may readily be turned about, and its taper point raised into 
•uch a. position as, that when the hydrogen issuing from it is 
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Fig. 40. 
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kindled, the flame may be made to play upon a surface of glass 
or porcelain, in order to form the arsenical mirror. 

A method of distinguishing between the metallic mirrors 
formed by antimony and arsenic under similar circumstances, 
is founded on the decomposition of sulphide of antimony by hy< 
drochloric acid gas and the volatility of the antimony thus formed. 
We can thus not only distinguish an arsenical from an antimc 
nial deposit, but when both metals are present we can separate 
them perfectly. We proceed thus : — The mirror having been 
obtained, a feeble stream of dry sulphuretted hydrogen is sent 
through the tube, a gentle heat being at the same time applied ; 
if the metal be arsenic aloDe, sulphide of that metal of a light 
yellow colour will be formed ; if it be antimony alone, the sul- 
phide is either orange-red or nearly black ; if both metals be 
together, then both are converted into sulphides ; but the 
sulphide of arsenic beiug more volatile than the sulphide of 
antimony, it will be deposited in a more advanced part of the 
tube. A current of dry hydrochloric acid gas is now passed 
through the tube ; chloride of antimony is formed without the 
application of heat, and is entirely removed in the current of 
gas. The sulphide of arsenic remains unaltered, and may be 
distinguished from sulphur by its solubility in ammonia. 

Bloxam (* Quarterly Journal of the Chemical Society,* voL 
xiii. p. 12), impressed with the difficulties which frequently 
beset the detection of arsenic by Marsh's process, arising (1) 
from the occasional presence of the poisonous metal in the 
zinc and sulphuric acid employed, and (2) by the frothing occa-> 
sioned by the viscidity of the mixture when organic matters 
are present, has suggested the employment of the galvanic 
current. He thus describes his apparatus : — " It consists of a 
two-ounce narrow-mouthed bottle, the bottom of which had been 
cut off and replaced by a piece of vegetable parchment tightly 
stretched over it, and secured by a ligature of fine platinum wire. 
The bottle is furnished with a cork carrying a small tube, bent 
at right angles, and connected with the drawn-out reduction- 
tube by a caoutchouc tube ; through this cork passes a platinum 
wire bent into a hook inside the bottle, for suspending the 
negative plate. The bottle is placed in a glass of such a size 
as to leave a small interval between the two, and this glass is 
allowed to stand in a large vessel of cold water ; an ounce of 
dilute sulphuric acid is introduced into the apparatus, so as to 
fill the bottle and the outer space to about the same level, the 
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positiTe plate being iminGrsed in tbe acid contained in the 
outer apace. When the bottle has become filled with hydrogen, 
the shoulder of the reduction-tube is heated to redness during 
fifteen minutes, to ascertain the purity of the sulphuric acid, 
sod tbe liq^uid to be tested is introduced into tbe battle by 
means of a pipette, tbe cork being removed for an instant (or 
& tube-funnel may be used) ; a. drachm of alcohol is afterwards 
added, to prevent frothing." By this process, according to the 
author, -j-^ grain and even y^Vr grain of arsenious acid can 
be detected in an organic mixture with tbe greatest ease and 
pertainty. 

Metallic copper (which must be free from arsenic), when 
boiled with an acidified mixture containing arsenious acid, 
becomes covered with a steel-grey crust of metallic arsenic. 
This is BD exceedingly delicate test, and will, according to its 
diseoverer, Beinscb, detect the metal when present in no more 
tban one-millionth part of the liquid ; but as various other 
metals, higmuth, antimony, etc., are likewise precipitated imder 
similar circumstances, it ia necessary to submit the crust to a 
careful examination. The liquid to be tested, having been 
acidified with hydrochloric acid, is boiled with thin strips or 
vires of electro-precipitated copper until a distinct film is 
deposited. The strips or wires are then removed, and tho- 
roughly dried between folds of blotting-paper ; they are theu 
introduced into a long narrow test-tube of hard Qerman glass, 
and carefully heated, in a sloping position, over a spirit or gas- 
lamp ; octahedral crystals (the form of which can be readily 
recognized with the aid of a small pocket -lens) will soon make 
their appearance. Tbe tube is allowed to cool, the copper 
firagments are thrown out, tbe tube boiled out with distilled 
water, and the solution tested for arsenious acid with sulphu- 
retted hydrogen, ammonio-nitrate of silver, and ammonio'tvl- 
phate of copper. Should oxidizing agents, especially chlorate 
efpotoMo, be present in the solution to be tested, no arsenic 
will be deposited until they are destroyed, but the copper will 
be dissolved, communicating a blue colour to the liquid. After a 
time, that is, as so th 'd' ' g ag t re m ved f om 

the liquor, the ar prei. p t ted p th d 1 ed 

copper, fjhoutd tl t m tat t If t th will 

bIbo be precipitated h th gr t mp t f t m- 

ing, previous to m k tb p m t th t th pp is 
pmectlypure. 
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Arsenic in paper-hangings, — ^The paper is cut into strips and 
boiled for a few minutes with dilute hydrochloric acid, and the 
filtered liquid treated with metallic copper in the manner 
described above ; or, in order to avoid any ambiguity which 
may arise from the possible presence of arsenic in the copp^ 
or in the hydrochlonc acid, a few grains of the suspected green 
colour may be scraped off and introduced into a clean dry test- 
tube. The aperture of the tube being closed, it is gently heated 
in the flame of a gas or spirit-lamp ; the green powder soon 
becomes carbonized, and if arsenic be present a sublimate of 
arsenious acid is obtained ; when cold the carbonis^ed residue 
is removed, the test-tube is about one-quarter filled with dis- 
tilled water, a drop or two of solution ot caustic potassa added, 
and the mixture boiled. The solution obtained is tested with 
ammonio-nitrate of silver, or ammonio-sulphate of copper, when 
characteristic yellow and green precipitates will be ootained. 

67. Detection of Arsenic in Organic Qmpotmds. 

To prepare an organic mixture suspected to contain arsenie 
for the reception of sulphuretted hydrogen, Eresenius digests 
it on a water-bath, with an equal weight of concentrated hydro* 
chloric acid, and as much water as will give the whole a thin 
consistence ; chlorate of potassa is then added, in portions of 
about half a drachm, at intervals of about five minutes, and 
until the contents of the basin have assumed a bright yellow, 
perfectly homogeneous, and a thin liquid appearance. When 
this point is attained, about two drachms more of chlorate 
of potassa are added to the mixture, and the basin is removed 
^m the water-bath. When cool, it is filtered, and the 
residue washed, until all acid reaction ceases. The filtrate 
is concentrated to about a pint, and excess of sulphurous add 
added, to reduce the arsenic acid to arsenious acid, the former 
being far less readily precipitated by sulphuretted hydrosen 
than the latter. The excess of sulphurous acid is then expeUed 
by heat, and fche fluid exposed to a slow stream of sulphuretted 
hydrogen gas for about twelve hours. The sulphide of arsenie 
thus obtained, is washed and treated with fuming nitric acid^ 
evaporated to dryness, moistened with pure sulphuric acid, and 
gently heated, first on the water-bath, and afterwards at a 
higher temperature (not, however, above 300°), until the mass 
begins to crumble. The residue is treated with boiling watery 
filtered, and the limpid fluid, after being acidified witb hydrof 
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chloric acid, is again precipitated by Bulphurefcted hydrogen. 
The pure eulphiile of arsenic thus obtained le raised with 
carbonate of soda and cyanide of potassium, and reduced iu an 
■tmosphere of carbonic acid, as above described, 

MM. Dufloas and Hirsch proceed aa follows ; — The suspected 
ass (tho stomach, for instance, with its contests) is digested 
in a tubulated retort, with an equal weight of pure liydro- 
ehloricacid; the retortisconnected with a receiver in which a 
little water is placed, the object of which is to collect any 
chloride of arsenic that might volatilize during the process. 
The retort is heated by a bath of chloride of calcium until the 
ffiUB acquires the consistence of paste, when it is allowed to 
9Q0l. It is then mixed with twice its weight of strong alcohol, 
sad after some time the undissolved portion is collected on 
a filter, and washed with alcohol. Toe alcoholic liquid and 
the washings are lastly introduced into a retort, and the alcohol 
distilled oft'. The residue in the retort is mixed with the acid 
liquor which passed into the receiver during the first distilla- 
tion, and the mixture ia espoaed to sulphuretted hydrogen. 

Danger and Flandin heat the organic substance with one- 
tizth of its weight of concentrated sulphuric acid ; the sub- 
•taacB is carbonized without foaming ; it is continually stirred 
till the charcoal is dry ; a small quantity of nitric acid or aqua- 
legia is then added, and the whole extracted with water. They 
observe, however, that the carbonizing process must only bo had 
recourse to when all attempts to obtain evidence of the poison 
withont it, have failed. 

Dr. Letheby proposes the following method of treating 
organic substances, by which he states that it is not difficult 
to discover -j^^ of' a grain of arsenic in many ounces of organic 
matter. The substance, if solid, such as the liver, intestine, or 
muscle, is cut into small pieces and heated to dryness with aqua- 
TBgia i the charred mass is boiled with two or three succesaiye 
portions of water, slightly acidulated with nitric acid, and then 
t>oi]ed for about half an hour with pure granulated zinc, (which 
is best prepared by exposing to a red-heat, in a. Hessian cru- 
cible, alternate layers of granulated zinc, and one-fourth of ita. 
weight of nitre, taking care to begin by a layer of saltpetre, 
and to finish by one of zinc ; deflagration takes place, and 
when it is over the scorije are renioved, and the pure metal 
run into an ingot), the arsenic will be deposited on the zinc, 
giving it a greyish-black appearance. The arseniated zinc ia 
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introduced into a Marsh's apparatus of peculiar constraction, 
and the evolved gas conveyea into ajar containing solution 
of nitrate of silver, according to Lassaigne's method ; a black 
precipitate is produced, and by taking the precaution of not 
allowing the gas to come over too quickly, the whole of it is 
certain to be decomposed. 

6(AgO,NOB)+AsH3=:6Ag+AB03+8HO+6N05. 
To this black, turbid solution, hydrochloric acid is added, till 
all the silver is precipitated, and a little acid remains in excess. 
It is then boiled for a few minutes, filtered, and evaporated to 
dryness ; the residue, if there be any, is boiled with distilled 
water, and carefully precipitated by amfnonio-nitrate of silver* 
If any arsenic had been present, it would by this process have 
been converted into arsenic acidi, which woiud give a red pre- 
cipitate, with ammonio-nitrate of silver. 

68. AssEKio Acid. (AsO^.) 

Oeneral ckaraeters, — This acid, w-hich is even more poisonous 
than arsenious acid, is remarkable for its analogy with tribasic 
phosphoric acid. Like the latter, it only partially dissolves in 
water, leaving a powder, which is only dissolved with great 
difficulty. At a red-heat it is partially decomposed, imd at a 
high temperature it is resolved into arsenious acid imd oanfgen. 
It is deliquescent, and strongly acid. The salts which it forms 
are called arseaiates ; they are mostly insoluble or sparingly 
soluble in water, but dissolve in hydbnochloric acid ; the alka- 
line arseniates are soluble in water. Sulpkmrtms add^ aided by 
heati reduces it into arsenious acid. 

Cofmportmemt of solutions of Arsemie Add attd ike Arsemiaies 

u%tk reofemts, 

Sudrosuipkurie acid produces no precipitate in neutral or 
alkaline solutions ; but, in acid solutions, a ydlow precipitate 
(AsS^) is T^ slowly formed. Hoice, previous to precipitar 
ting arsenic, when in the form of arsenic acid, by means of 
tliis reagmit, it is reduced to arsououa acid by treatment with 
sulphurous add. 

ifUrmie 4^ siher produces a red-brown inrvci|Htite of aise- 
miate of silver (8 AgO, AsO^), soluUe in dilute nitiic add and 
aa ammonia. 

Am$n&mi&^mtfmfe 4^f siher behat^es in a «dmilar manner. 

S ni^ att and mm f memi ^hsulphate ^eofiper prodnoe agreenish^ 
Um predpitate (dCaO,AsC\). 
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Before ihe hlowpipe, heated on charcoal in the inner flame, 
arseniates are reduced, disengaging the peculiar garlic odour 
of suboxide of arsenic, by which minute traces may be recog- 
nized. 

69. Oxide or Tin. (SnO.) 

General eharacters, — When pure, it is black, but by tritura- 
tion it acquires a grey, green, or brown tinge. It is not altered 
in dry air, but when brought in contact with bodies in a state 
of ignition it takes flre, burning with considerable intensity, 
emitting a white smoke, and is converted into white peroxide 
(ShO^). The hydrated oxide, which is obtained by precipita- 
ting a solution of the metal in hydrochloric acid by carbonate 
of potassa, is a white powder, which also takes flre on being 
brought into contact with a burning body, and glows like 
tinder. It is more easily soluble than the anhydrous oxide. 
When boiled in water, it is decomposed and a black powder is 
formed, which slowly absorbs oxygen, and acquires a lighter 
colour. Oxide of tin is dissolved by the fixed caustic alkalies. 
but the solution gradually decomposes, depositing metallic tin, 
the solution then containing a combination oi peroxide and 
alkali. Chloride of tin is decomposed when brought into con- 
tact with water, an insoluble compound of oxide and chloride 
being formed. This decomposition is prevented by the addi- 
tion of free hydrochloric acid. 

Comportment of solutions of Oxide of Tin toith reagents, 
(Solution of Protochloride of Tin may be used.) 

Potassa, ammonia, and their carbonates produce a white preci* 
pitates(SnO,HO), soluble in potassa; by repose, and more ra- 
pidly when boiled, the solution is decomposed, metallic tin and 
peroxide of tin being formed. 

FhospJiate of soda produces a white precipitate. 

Ferrocyanide of potassittm gives a white gelatinous preci- 
pitate. 

JPerridcyanide of potassivm occasions a white precipitate, so- 
luble in hydrochloric acid. 

Sydrosulphuric acid and sulphide of ammonium produce a 
dark-brown precipitate, soluble in potassa and in alkaline sul- 
phides, particularly such as contain excess of sulphur ; soluble 
also in hydrochloric acid ; but nitric acid converts it by boiling 
into peroxide of tin ; the solution of sulphide of tin in. suU 
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phide ofeaUnum is precipitated as a yellow hi9ulphide oftinhj 
nydrochloric acid. . 

A bar of metallic zinc precipitates tin in small greyish- white 
metallic spangles. 

Chloride of mercury produces a white precipitate of stihchl<h 
ride of mercury, (EL^^l.) 

The salts of this oxide^ from their tendency to absorb oxy- 
gen, are powerful reducing agents ; they are all decomposed by 
exposure to the air, passing into salts of the peroxide. 

Before the blowpipe, heated in the inner flaroe on charcoal 
with a mixture of carbonate of soda and cyanide of potassium, 
protosalts of tin yield ductUe grains of metallic tin without 
any incrustation taking place. 

Characteristic reaction. — The most characteristic test for 
protoxide of tin is the reddish-purple coloration or ipreoipi- 
tate which its solutions produce with terehloride of gold. 

70. Feboxlde 0¥ Tin. (SnOg.) 

General characters. — This oxide diffi^rs, according to its mode 
of formation, not only in its physical, but also in its chemical 
properties ; it is founa native and crystallized ; the crystals are 
sometimes yellowish-brown and transparent, and sometimes 
nearly black : when prepared by the action of nitric acid on 
the metal, it is a white powder, and almost insoluble in acids, 
but by fusion with carbonate of potassa it is rendered soluble ; 
the oxide produced by precipitating the perchloride by ammo- 
nia is easily soluble in acids ; but after it has been ignited it is 
insoluble, but it is again rendered soluble by fusion with car- 
bonate of potassa. 

Comportment of solutions of Peroxide of Tin with reagents. 
(Solution of Bichloride of Tin (Sn CI3) may be used.) 

Potassa and ammonia produce a white precipitate, soluble in 
potassa and in great excess of ammonia. 

Carbonates of potassa and ammonia produce a white precipi- 
tate, soluble in carbonate of potassa, but insoluble in carbonate 
of ammonia. 

Phosphate of soda produces a white precipitate. 

Hydrosulphuric actd and sulphide of ammonium throw down 
from acid and neutral, but not from alkaline solutions, a yellow 
precipitate of bisulphide of tin, soluble in alkalies, alkaline 
carbonates, and sulphides, and in concentrated boiling hydro- 
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chloric acid ; nitric acid converts it into peroxide, and by fusion 
with nitre it gives rise to the formation of tulphate and static 
note of potassa, 

A bar of metallic zinc throws down a white gelatinous preci- 
pitate, hydrogen gas being disengaged. 

' Beibre the blowpipe, heated with carbonate of soda on char- 
coal m the inner flame, persalts of tin are reduced to the me* 
tallic state. 

Characteristic reaction, — ^That with hydrosulphuric acid, 

71. BiKoxiDE OF Platinum. (Pt02.) 

Ghneral characters, — The hydrate is obtained as a reddish- 
brown voluminous precipitate, closely resembling hydrated ses^ 
qmoxide of iron, by precipitating a solution of the nitrate by 
caustic soda ; it contracts considerably on drying ; heated in a 
retort, it loses its water and becomes black ; at a higher tem- 
perature, it parts with oxygen, leaving the metal. Platinum is 
insoluble in nitric and hydrochloric acids, but it dissolves in 
aqua^egia, forming a red-brown solution containing bichloride 
of platinum (PtClg). 

• 

Comportment of solutions of Salts of Platinum with reagents. 
(Solution of Bichloride of Platiniun may be used.) 

Potassa produces a yellow crystalline precipitate, consisting 
of the double chloride of platinum and potassium (K Cl,Pt Clg) ; 
the addition of hydrochloric acid favours its formation ; it is 
insoluble in acids, but dissolves with the aid of heat in potassa ; 
it is very slightly soluble in water, and insoluble in strong al- 
cohol. 

• Ammonia produces a yellow crystalline precipitate, the doti- 
ble chloride of platinum and ammonium (NH4Cl,PtCl2) having 
the same characters as the former, and soluble in excess of am- 
monia aided by heat ; when exposed to a red-heat it is com- 
pletely decomposed, leaving the metal in a spongy form. 

Subnitrate of mercury produces a yellowish-red precipitate. 

Chloride of tin communicates to solutions of bichloride of 
platinum a deep red-brown colour, without producing any pre- 
cipitate. ,1^ 

Sydrosulphuric acJa and sulphide ofammoniwm, aided by heat, 
produce in acid and neutral solutions a brownish-black preci- 
pitate (PtSo), soluble in excess of alkalies and alkaline sul- 
phides, insoluble in nitric and hydrochloric acids, but soluble 
in aqua-regia. 
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CharacterUtie reactions, — Those with potassa and ammonia 
in the presence of hydrochloric acid. 

72. BiKoxiDE or Ibiditjm. (IrOg.) 

Iridium forms four compounds with oxygen, viz. IpO ; 
IrgOg; IrOg; IrOg. Of these, the most important is the Wfi- 
oxide (IrOg). According to Berzelius, (G-melin,) this oxide is 
only known in its salts, and cannot he precipitated hy alkalies 
or alkaline carhonates, because they dissolve it ; according to 
Glaus, however, it is the most easily prepared of all the oxides 
of iridium, and is always deposited in the form of a bulky, in- 
digo-coloured precipitate when a solution of either of the chlo- 
rides of iridium is boiled with an alkali ; this precipitate is a 
hydrate (Ir02+2aq). When heat«d in an atmosphere of car- 
bonic acid it exhibits a strong momentary incandescence, at 
the same time giving off its water, together with 1 or \\ per 
cent, of oxygen, and becoming black and insoluble in acids. 

Behaviov/r of Salts ofBiiioitide of Iridinm with reagents. 

Sydrosulpliuric acid first decolorizes the solution and then 
precipitates sulphide of iridium of a brown colour, easily soluble 
m sulphide of ammonium. 

Protochloride of tin decolorizes the solution and forms a pale- 
brown precipitate. 

Protosulphate of iron decolorizes the solution and forms a 
dirty white or dingy green precipitate. 

Subnitrate of mercury produces a pale-brown precipitate. 

Oxalic acid and ferrocyanide of potassium decolorize the 
solution. 

Ammonia decolorizes the solution and forms a brown preci- 
pitate. 

JPotassa vToduces a scanty blackish-grey precipitate; the su- 
pernatant liquid, which at first is nearly colourless, acquires by 
standing a violet-blue colour, and yields on evaporation f^ blue 
precipitate. 

Nitrate of silver produces a deep indigo-coloured precipitate, 
which after a while becomes colourless. 

73. Teboxide of Gou). (AuOg.) 

General characters, — The hydrate of this oxide, which from 
its tendency to combine with bases, and from the little disposi- 
tion which it has to combine with acids, ought perhaps more 
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'ooireofcly to be called aitric acid, is of a yellowish-red colour ; 
ihe anhydrous oxide ia hlack or deep-brown. The hydrate, 
:iried without the aid of heat, is of a chestnut-brown colour, 
1 has a vitreous fracture. At 212° it loses its water, and 
3omea partially reduced ; even in the dark it undergoes par- 
^^ il decomposition, and at a red-heat it is resolved into metallic 
gold and oxygen. The metal is insoluble in nitric or hydro- 
tbloric acid, but it dissolves in aqua regia, forming a fine yellow 
lolution, containing terchloride of gold (AuClg). 

Behaviour of solution of Terchlaride of Gold with reagentt. 

Fotatsa after a time produces an inconsiderable reddiah- 
ivowB precipitate, consisting of aurate of potaaaa and chloride 
'Ktagtiam. AuCl5-F4KO = KO,Au03-|-3KCl. 

I produces a yeDow precipitate (aurate of ammonia, 
r fulminating gold). 

Ferroeyanide ofpotasnum communicates to solution of gold 
in emerald-green colour. 

ProtoKulpkate of iron produces in concentrated solutions an 
{inmediate dark-brown precipitate of metallic gold, 
^^ Au0l3-|-6(FeO,SOs)=2(FegO3,3SO3)-|-Fe2Cl3-|-Au. 
,1 dilute aolutions a blue colouring is first perceived, followed 
ty a brown-coloured precipitate. 
' Proionitrate of mercury occasions a black precipitate. 

Oxalic acid mo&acea a precipitate of metallic gold, thus: — 
AuC]3 + 3(HO,C30g)=Au+3HCl+6C02. 

Proioehloride of tin, to which a drop of nitric acid has been 
idded, communicates a reddish-purple colour to veiy dilute solu- 
'ions ; in concentrated solutions a red-purple precipitate (purple 
if Oaasiua;) is formed ; probably ( Au O, Sn O3 -I- 8n O, Sn O2 -I- 4 aq) 
i^drated double stannate of gold and tin. 

A bar ofmetalKa line precipitates metallic gold in the form 
if B brown coating. 

Hffdrotitlpkiiric aeid and sulphide of ammonium precipitate 
torn neutral and acid aolutions of gold, the tersulphide (AuS^), 
liable in great excess of sulphide of ammonium, and in aqua- 
li^a, but insoluble in all other acids and alkalies. 

Characteristic reactions. — Those with protochloride of tin, 
protosulphate of iron, and oiealic acid. 

74. Sbleniottb Acid. (SO^.) 
Oeneral characters. — On evaporating a solution of selenium 
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in aqua regia, this acid remains in the form of a white saline 
mass, which at the temperature of about 600^ assumes the form 
of a deep-yellow gas, much resembling chlorine ; on cooling, 
the acid condenses in long needles, and by allowing it to cool 
slowly it is deposited in the form of a semitransparent crust. 
When first prepared it has a brilliant appearance, but by ex- 
posure to the air it becomes dull, from the absorption of mois- 
ture. Its taste is distinctly acid, but it leaves a burning taste 
in the mouth ; it is very soluble in boiling water : the solution 
deposits the hydrated acid on cooling in the form of striated 
prisms. The hydrated acid is also deposited from a hot boIu- 
.tion in nitric acid in long prisms resembling nitre. It is easily 
reduced. On introducing a slip of zinc or polished iron into a 
solution of selenious acid miied with hydrochloric acid, it imme^ 
diately becomes covered with a copper-coloured deposit, and 
selenium precipitates by degrees in the form of red, Drown, op 
greyish-black flocks, according to the temperature. A mixture 
of sulphuric and selenious acids is slowly acted on, and the pre- 
cipitate contains a little sulphur. Selenious acid is also decom- 
posed by silver. Selenium is best precipitated from selenious 
acid and the selenites by sulphite of ammonia. The liquor, 
which is at first clear, becomes yellow, then turbid, then cinna- 
bar-red, and after a few hours it deposits red flocks of selenium. 
If nitric acid be present, a perfect reduction cannot be effected. 

Comportment of Selenious Acid and Selenites with reagents, 

SydrosuVphuric acid produces in an acid solution a yellow 
precipitate oi sulphide of selenium, which is soluble in sulphide 
of armnonium. 

Solid selenites, heated in a tube with chloride of ammonium, 
afford a sublimate of selenium, which is recognized by its pe- 
culiar odour. 

Before the blowpipe, the minutest trace of selenium may be 
recognized by ignition on charcoal in the oxidating flame ; a 
strong disagreeable smell, similar to decaying horseradish, is 
given off. If much selenium be present, a reddish vapour is 
evolved, and a steel-grey sublimate is deposited on the char- 
coal, which on the exterior edges sometimes passes into violet, 
and in thin layers blue. 

75. Telltjeous Acid. (TeOg.) 
General characters. — This acid is obtained in crystalline 
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rainB, by acting on teilarium with nitrie aoid, and, as a white 
Kculent hydrate, by precipitating the solution in nitric acid 
ildth water. The yellow colour which the acid frequently eK- 
libits arises from impurities. When first laid on the tongue, 
Ht produeee little taete; but after a time a very disagreeable 
Ittetallic taste, similar to that of salts of silver, is mperienced. 
lit Tcddens litmus-paper, though not immediately ; it is ¥ery 
Unaringly soluble in water. On being heated, it acquires a fine 
ifftron-yellow colour; but oa cooling it again becomes coiour- 
QiB ; at a red-beat it melts into a transparent deep-yellow 
iqtiid, solidifying on cooling into a colourless crystalline mass ; 
leated in the open air, it fumes, and i^lowly sublimes ; heated 
I open vessels with carbon, it is reduced with detonation, the 
_reatBr part of the tellurium volatiiiisiiig ; in close vessels the 
.pe<)iictioQ takes place easily, but the metal is obtained witb 
iflifGculty in a compact mass. It is also reduced, though not 
•OTT readily, by hydrogen gas. It is very sparingly soluble in 
i^eide, in amtnonia, and in the carbonated alkalies. The eauatia 
d alkaliet, on the other band, diasolve it immediately. When 
•telhtroiig aeid is fused with an equal weight of carbonate ofpo- 
Amm, and the tellurite of poiassa thus obtained dissolved in 
water, and mixed with a sliglit excess of nitric acid, a white vo- 
lumiDOUs hydrate is produced, which has au acrid metallic taste, 
instantly reddens litmus-paper, and is soluble in water, and 
very soluble in nitric and other acids, and also in caustic am- 
monia and the carbonated alkalies. 

Oomportment of solution of Tellurov« Aeid with reagents. 
The caustic alhiUes and their carbonates produce a white 

Ktipitate, soluble readily in polassa, and soluble also in alka- 
carbonates. 

&/dro»ulpAiiric acid produces a dark-brown precipitate, very 
.•(duble ia sulphide of ammonium. 

SulphwroM aeid, alkaline sulphites, and metallic zinc, produce 
j9 black precipitate of metallic felltiri'Ufn. 

Protoehloride of tin &nd protosulphate of iron, produce a black 
^wder, which on being rubbed assumes a metallic lustre. 

Before the blowpipe, heated on charcoal, or in a glass tube 
open at both ends, a white sublimate with a reddish border is 
obtained in either flame, and which disappears with a beautiful 
Wuish-green tinge ; when the reducing flame is directed on it 
in large ijuautities, the flame also becomes blue ; if the peculiar 
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smell of horseradisli is perceptible, selenium is present ; if tbe 
substance under examination contain other metals, as lead or 
bismuth, it should be mixed with boracic acid, which will dis- 
solve those metals and prevent them from volatilizing. 

76. Oxides or Tungstbit. (WO^; WOg.) 

Bvnoxide of Ttmasten, — General chctracters : This oxide, when 
prepared by reducing ttmgstic acid by hydrogen gas, is brown ; 
it may be obtained crystalline and of a metallic lustre, by em- 
ploying crystallized tungstic acid, such as is obtained by de- 
composing tungstate of ammonia in close vessels. The oxide in 
this state has, when pressed together, a deep copper colour. 
By pouring dilute hydrochloric acid on tungstic acid, and 
placing in the liquor a strip of zinc, it is gradually decomposed, 
and oxide of tungsten is obtained in the form of brilliant cop- 
per-coloured spangles, but it cannot be preserved or even dried 
in this state. It may also be obtained in the form of a beauti- 
ful violet-brown precipitate, by mixing chloride of ttmasien with 
water, but it is very unstable : the oxide obtained in the dry 
way may be preserved without alteration. When heated below 
reaness, it bums like tinder, and is converted into tungstic acid. 
It does not appear to form salts with acids, but it dissolves in 
concentrated catistic potassa with the disengagement of heat 
and the formation of tungstate of potassa. GRiis oxide is re- 
markable for a beautiful compound which it forms with soda^ 
it is prepared by saturating fused tungstate of soda with tung- 
stic acid, and reducing the mass by heat in a current of hydro- 
gen gas : after having dissolved out the neutral undecomposed 
tungstate, the new compound remains in the form of regular 
cubes and scales of a golden-yellow colour, possessing metallic 
lustre, and having all the appearance of gold. It is not acted 
upon by any acid but the kgdrqfluoric ; aqua regia has no ac- 
tion on it, out it is decomposed by oxygen gas, sulphur, and 
chlorine, at a high temperature. No such compound can be 
formed with potassa or with the alkaline earths. 

Tungstic Acid (WO3). — General characters: This acid is 
generally prepared by msing a mixture of finely powdered wolf 
ram with an equal weight of carbonate of potassa, and half its 
weight of nitre. The alkaline tungstate thus formed is dis- 
solved in water exactly neutralized by nitric acid, precipitated 
by nitrate of mercury, and the precipitate calcined in a plati- 
num crucible. It is of a fine yellow colour, beconfing dark- 
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green when strongly heated ; 
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a green tint by 
mere exposure to the rays of the eun ; it is insoluble in water, 
lut readily soluble in caustic alkalies. Hydrated tungstic acid 
is formed slowly as a gelatinous mass, by heating a diluted so- 
lution of an alkaline tungstate with dilute nitric acid; when 
waahed and dried, it is a powder of a brilliant opaque yellow- 
grey colour. Tungttie acid, like molyhdic acid, uDit«s with 
Other acids, acting the part of a base. 

Zinc produces, in acid solutions of tungstic acid a beau- 
MfuLblue colour, owing to the formation oi oxide of tunggten. 

Sulphide of tungsten is precipitated when a tungstate is de- 
toomposed by acids in the presence of sulphide of ammonium. 

Bejbre the blowpipe, tungstic acid is thus detected : — Mix n 
imall portion of the mineral with fire times its volume of loda, 
and heat strongly in a platinum spoon ; dissolve in water, and 
precipitate the filtered solution with hydrochloric acid ; the 
precipitate assumes, when heated, a beautiful yellow colour. 
The oiide-s of tungsten, when perfectly pure, liquefy with mi- 
orocosmic salt in the oxidating flame; in the reducing flame 
ihey become green, and when cold beautiful blue. The glaas, 
vhen treated with tin on charcoal in the reducing flame, oa- 
nunes a darker colour, which on cooling is green. 

77. OinjEs or VAifAniiFH. (VO jTOj; VO3.) 
General characters, — Oxide of vanadium, obtained by re- 
daeing vanatUc acid at a red-heat by a current of hydrogen gaa, 
M a black crystalline powder ; it ia remarkable as being an ei- 
'Oellent conductor of electricity, and as excelling, as a negative 
dectromotive element, copper, and even gold or platinum. It 
iea not hitherto been made to combine with either acids or 
liases. It oxidizes gradually in the air, and under water it ac- 
quires a fine green colour. Heated in the air, it takes fire and 
sums, leaving a black mass; by chlorine it is converted into 
Florida and vanadie acid. 



78. BiKosinE 
The anhydro 
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oxide is a black powder which has no action 
.tm test paper. It is insoluble in wster, but when left for some 
£me in contact with that fluid it oxidi/os, becoming by degrees 
green. The hydrate, which when first fonned is greyish -white, 
^nddixes rapidly in the air, becoming first brown, then green, 
and finally black. The calcined oxide is slowly but completely 
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dissolved in acids ; tbe solution is blue ; thougb acting the 
part of a base, it nevertheless combines with bases, giving rise 
to a class of salts called vanadites. It is dissolved by alkaline 
carbonates ; tbe solution, which is of a deep-brown colour, con- 
tains a vanadite and a hiearhonate. The bicarbonates also dis- 
solve it, forming blue solutions, probably neutral double car- 
bonates of the oxide and alkali. 

79. ViiNADio Acid. (VO3.) 

Prepared by decomposing vanadate of ammonia by heat. It 
is a rusty red-brown powder, without taete or smell. It sup- 

Eorts a high temperature without losing oxygen ; but at a red* 
est it enters into fusion. In contact with organic matter at 
a red-heat, it loses oxygen. It strongly reddens litmus-paper. 
The fused acid crystallizes, on cooling, in the form of inter<^ 
laced needles of a yellowish-red colour ; but if a small quantity 
of oxide be present, it has a violet tint. It does not conduct 
electricity. It dissolves sparingly in wat^er, forming a clear- 
yellow solution. It cannot be obtained crystalline in the hu** 
mid way, nor can it be obtained pure out of solution, as it com- 
bines with acids as well as with bases. It is easily reduced to 
the state of oxide under the influence of an acid, such as eo^ 
loured nitric acid, sulphurotLS, oxalic, or tartaric acids ; alcohol 
and sugar likewise effect its reduction, blue oxide of vanadium 
being formed. Hydrochloric acid dissolves it, forming an 
orange-coloured solution ; but after a while chlorine is diseu'* 
gaged, and the liquid acquires the property of dissolving gold 
and platinum. 

Comportment of solutions of Binoxide of Vanadium with reagents, 

JPotassa produces a greyish-white hydrate, soluble in excess 
of potassa, but insoluble in ammonia, 

Sydrosulphuric acid occasions no precipitate ; but sulphide 
of ammonium produces a brownish -black precipitate, soluble in 
excess, the solution having a purple colour. 

Comportment of solution of Vanadic Acid with reagents. 

Nitrate of silver produces a yellow precipitate, becoming 
white by exposure to the air, and soluble in nitrio acid and in 
ammonia. 

Chloride of larium produces a bulky orange-yellow precipi*- 
tate, slightly soluble in water. 
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Sulphids qfamnumium gives a brown precipitate (YaSs), so- 
lable in excess, formiog a brown liquid. 

Fcrrocyanide of potassium produces a fine green precipitate. 

Chloride of ammonium produces a white flocculent precipitate 
oi vanadate of ammonia, quite insoluble in hydrochloric acid. 

Before the blowpipe, oxides of vanadium, heated in the outer 
flame with borax or microcosmic salt, give a yellow bead ; in 
the inner flame a fine green one, which again becomes yellow 
in the outer flame. Vanadic acid, heated on charcoal, leaves a 
compact mass, the colour of plumbago (oxide of vanadium) ; 
with borax and microcosmic salt it gives a beautiful green glass, 
which while hot is brown. It is not coloured blue by the ad- 
dition of tin. Chromic acid gives with borax and microcosmic 
salt a green bead ; but vanadic acid is distinguished from chro' 
mie acid from the circumstance that the green bead in the for- 
mer can be changed in the oxidating flame to yellow, which is 
not the caso with the latter. 

80. Oxides or Moltbdekum. (MoO ; MoOg; M0O3.) 

General characters. — When to a solution of a molyhdate in 
water, hydrochloric acid is added, and the mixture digested with 
distilled zinc^ the latter becomes oxidized at the expense of the 
molybdic acid; and the liquid becomes first blue, then red, 
brown, and finally black. From this solution potassa precipi- 
tates hydrated oxide of molybdenum in the form of a black fioc- 
culent mass. This hydrate is dissolved with difficulty in acids ; 
the solutions are opaque and almost black, unless greatly di- 
luted ; the taste is astringent, but not metallic. When heated 
to redness in vacuo, it takes fire, burning with vivid scintilla- 
tions, and a hydrous oxide remains of a pitchy blackness, and 
insoluble in acids. Heated in the air, it burns, and is con- 
verted into molybdic oxide (Mo Og). Oxide of molybdenum is not 
soluble either in caustic potassa or in solutions of t\\e fixed alka- 
Une carbonates. It dissolves, however, in carbonate of ammonia, 

81. MoLTBDio Oxide. (MOg.) 

Wlien pure, it is a powder of a deep-brown colour ; by the 
light of the sun it is brilliant purple. It is insoluble in alkalies 
and in acids, but it dissolves in small quantities in a mixture 
of concentrated sulphuric acid and tartrate of potassa. Nitric 
acid converts it into molybdic acid, Hydrated molybdic oxide 
is similar in appear^ce to hydrated sesquioxide of iron. It is. 
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to a certain extent, soluble in water, the solution haying a deep- 
red colour, and it appears to form, with some acids, subsalts, 
which are soluble. If dried by exposure to the air, it acquires 
a blue colour on the surface from the absorption of oxygen ; 
the solution in water reddens litmus-paper ; it has an astrin-' 
gent and somewhat metallic taste. It is completely precipi- 
tated by sal-ammoniac, and when once dried cannot again oe 
dissolved in water. Heated in vacuo, it loses its water, and 
brown anhydrous oxide remains. Though it reddens litmus- 
paper, it has none of the other properties of an acid. Caustic 
alkalies do not dissolve it, though it is soluble in alkaline car- 
bonates. The solution in carbonate of ammonia is entirely pre- 
cipitated by boiling, and that in carbonate ofpotassa is by de- 
grees converted into molyhdate ofpotassa, 

82. MoLTBDic Acid. (MO3.) 

When pure, it is a light, porous, white mass ; and when dif- 
fused through water it assumes the appearance of extremely 
small, silky, brilliant, crystalline scales. Heated to redness, it 
melts into a deep-yellow liquid, which, on cooling, becomes 
pale straw-yellow and crystalline, and on breaking, divides into 
crystalline spangles. In close vessels it supports a strong red- 
heat without volatilizing; but in open vessels it sublimes at 
its fusing-point, its surface becoming covered with crystalline 
spangles. Water dissolves it in small quantities (about -^^ 
of its weight). The solution has a feeble metallic taste, and 
reddens litmus-paper. Before calcination it is soluble in acids, 
forming compounds in which it acts the part of a base. It 
dissolves also in a saturated solution of tartrate of potcasa^ and 
in solutions of caustic and carbonated alkalies. 

Comportment of solutions of Oxide of Molybdenwn with 

reagents, 

Fotassa and cmimonia produce a brownish-black precipitate, 
insoluble in excess of the precipitants. 

Carbonate of potassa and carbonate of ammonia produce a 
similar precipitate, slightly soluble in carbonate of potassa, more 
soluble in carbonate of a/nvmonia. 

Sulphide of ammonium gives a yellowish-brown precipitate, 
soluble in excess of the precipitant. 

Molybdic oxide is distinguished from oxide of molybdenwn by 
its greater solubility in carbonate of potassa. 




I 
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Sehaviour of Molj/hdtc Acid with reagentg. 

Nitrate of silver produces a white prcL'ipitate, soluble in 
much water and in nitric acid aud in ammonia. 

Ckhride of barium produces a aimilar precipitate, Boluble in 
nitric acid. 

Hi/drotulphuric acid, added in excess to an acid solution, 
prodacee, after a time, a brown precipitate, subsiding slowly; 
the supernatant fluid being blue or green. 

Metallic zinc or tin produces, in solutions containing free 
hydrochloric acid, a blue colour, which becomes green and 
Ity black. 

.,'efbre the hlovmipe, the oxides of molybdenum give to mi- 
crocosmic salt in the inner flame a fine green, colour, becoming 
"tuore perceptible on cooling ; with borax they produce in tho 
inner name a brownish-red bead. 

Ooteral Remarks on the Oxides of the Fifth Group, Section B. 
Of the metallic oxides comprehended in this section, it will 
only be necessary to make a lew remarks on the method of 
detecting tin, antimony, and arsenic when these metals exist 
together in a compound. The three metals are obtained in 
the form of sulphides (SnSj-, ShS^; AbSj) by precipitating their 
solution in sulphide ol ammonium by an acid. Having washed 
the precipitate, it may be agitated fur some time with a slightly 
vanned solution of sesquicarhonate of ammonia : thrown on a 
filter, and washed with ses qui carbonate of ammonia as long as 
the washings give a distinct yellow precipitate on the addition 
<rf hydrochloric acid, the whole of the arsenic will he found in 
the alkaline solution ; but as some bisulphide of tin may likewise 
have been dissolTed, it is neceaaarv to reprecipitate by the 
addition of hydrochloric acid, and having washed the precipi- 
tate, to redisaolve it in warm ammonia ; the ammoniacal solution 
ehould be evaporated to dryness, and the residue tested apeeially 
&>t arsenic. The greater part of the bisulphide of tin, and the 
vhole of the pentasulphide of antimong wU! have remained un- 
dissolved by the sesquicarhonate of ammonia ; it should be 
boiled with aqua-regia, and then mixed with excess of seatjui- 
carbonate of ammonia ; this precipitates binoxide of tin (which 
must be specially tested), the antimony remaining in the alka- 
line solution, from which it ia precipitated of ita characteristic 
orange-colour, by mixing with slight excess of hydrochlorio 
■cid, and then saturating with sulphuretted hydrogen. 
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CHAPTEE IV. 

ON THE COMPORTMENT OF THE PRINCIPAL INORGANIC 
AND ORGANIC ACIDS WITH REAGENTS. 

83. Although tbe acids cannot be classified with the same 
degree of perspicuity with which we are enabled to arrange the 
bases, there are certain reagents by which we may, for analy- 
tical purposes, divide them conveniently into groups, the sub- 
division of which may afterwards be effected by other reagents,, 
which are called special. 

The reagents for grouping the inorganic acids are chloride qf 
iarium and nitrate of silver ; those for grouping the organic 
acids are chloride of calcium and sesquichloride of iron,. 

A. — Inorganic Acids. 

I. — Acids precipitated hy chloride of barium. 

Carbonic, sulphurous, hyposulphurous, hyposulphuric, 
sulphuric, selenic, phosphoric, phosphorous, hypophos- 
phoroua, boracic, silicic, hydrofluoric, chromic, arsenic, 
arsenious, and other metallic acids. 

II. — Acids precipitated hy nitrate of silver. 

Hydrochloric, hydrobromic, bromic, hydriodic, iodic, 
periodic, hydrocyanic, hydrosulphocyanic, hydroferro- 
cyanic, hydroferridcyanic, hydrosulphuric acids. 

III. — Adds precipitated hy neither chloride of barium nor 
nitrate of silver. 

Nitric, nitrous, perchloric, chloric, and chlorous acids^^ 

B. — Organic Acids. 

I. — Acids precipitated hy chloride qf calcium. 

Oxalic, tartaric, pyrotartaric, citric^ and malic acids. 




—Acidg precipitated by gesqutcMoride of iron. 

Succinic, benzoic, tannic, and gallic acida. 
. — Acids precipitated hy neither chloride of calciui. 
aesqiiichlonde of iron. 

Acetic, formic, uric, nud meconic acids. 



A.— IWOBQANIC ACIDS. 
—Acids preoipitated by Chloride of Barium. 
84. Carbonic Acid. (CO3.) 
General cTiaracten. — At common temperatures and prea- 
.nires, this acid is a colourless, transparent, irreBpirable, and in- 
Ltfombustible gas. It is heavier than, atmospheric air in the 
roportion of I-5 to 1, and totally unfit for supporting com- 
astion. It' has a faintly sour and somewhat astringent taste, 
kjt reddens litmus-paper, but as the gas volatilizes the blue 
wlour returns. It may be poured from one yesael to another, 
( small animal exposed to its influence instantly dies in 
r.atrong convulsions. It is decomposed at a red-heat in contact 
vith carbon and other combustibles, carbonic oxide, an inflam- 
mable gas, being produced. A succession of electric sparks 
likenise decomposes it into carbonic oxide and oxygen. Water 
■t ordinary temperatures and pressures absorbs rather more 
E^jAm its own volume of carbonic acid gas, and considerably 
atalow temperature and under pressure. The solution 
a agreeable, piquant, and feeblj' acid taste. At a tempera- 
tt 0°, and under a pressure of 36 atmospheres, it is con- 
osed into a colourless liquid, and by peculiar management it 
axf even be obtained in the solid state, having the appearance 
w4f > mass of snow. All the neutral carbonates, with the ex- 
' oeption of those of the alkalies, are insoluble or very sparingly 
Boluble in water ; they are, however, decomposed by nearly all 
acids that are soluble in water, the carbonic acid gas escaping 
with effervescence ; but, to expel the wliolo, excess of acid must 
■ jjw added, in consequence of the formation of bicarbonaUs. 
it of the carbonates lose their acid by ignition. 

Gm^ortment of the soluble Carbonates with reagents. 
(SolutJon of Cartionitta of Soda maj be used.) 
t viater and baryta water produce white precipitateB, ia- 
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soluble in water, but soluble with effervescence in hjdrocblorie 
acid. 

(l.)NaO,C02 4-BaO,HO = BaO,C02 4-NaO + HO. 
(2.) BaO,C02 + HCl = BaCl 4- HO + C0«. 

Chloride of barium and chloride of calcium produce white 
precipitates in solutions of neutral alkaline carbonates ; but in 
solutions of hicarhonates no precipitate is formed until the 
second atom of carbonic acid is expelled by boiling, because 
both bicarbonate of baryta and bicarbonate of lime are soluble 
in water. 

Nitrate of silver produces a white precipitate of carbonate 
of sQver soluble with effervescence in nitric acid. 

Characteristic. — The solid carbonates (also their solutions, if 
not too dilute) are all decomposed hj hydrochloric BxAnitrie acid^ 
and by most other acids, with effervescence. The gas evolved 
is recognized as carbonic acid by producing a white torbidily 
when passed into baryta water, lime water, or solution qf hatie 
acetate of lead, 

85. SuLPHUBous Acid. (SOg.) 

General characters, — ^At common temperatures and pressures 
it is a permanent gas, of a suffocating odour and a very dis* 
agreeable taste, not inflammable nor possessing the power of 
supporting combustion. It is very fatal to animal life. It is 
absorbed in large quantities by water, and still more copiously 
by alcohol. It destroys the colour of vegetable substances. 
Its acid properties are very weak. All acids but carbonic and 
hydrocyanic acids displace it from its combinations. The class 
of salts which it forms are called sulphites; they are all inso- 
luble, or very sparingly soluble, in water, but those of the alka- 
lies. All the acid salts of sulphurous acid are soluble. At a 
low temperature and under pressure, it is reduced to a liquid. 

Comportment of solutions of Sulphites with reayents. 
(Solution of Sulphite of Ammonia may be used.) 

Chloride of barium and chloride of calcium produce a white 
precipitate, soluble in hydrochloric acid ; if, however, the solution 
of the sulphite has been for some time exposed to the air, this 
precipitate is no longer completely soluble in hydrochloric acid. 

Protonitrate of lead produces a white precipitate, soluble in 
cold nitric acid, but decomposed when boiled, sulphate of lead 
being precipitated, and nitrous fumes evolved. 
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Nitrate of silver produces a white precipitate (Ag 0,802), 
becoming black hj tne application of heat, the metal being re* 
daced, and sulphuric acid formed. Thus : — 

AgO,S02=Ag4-S03. 

Protoehhrideoftin, acidified with hydrochloric acid, produces 
a yellowish-brown precipitate. 

2(NaO,S03)+ 6SnCH- 2HC1 = 
. SnS2 4-2NaCl4- 2Sn02 4-3SnCl2 4-2HO. 

Chloride of bariiwiy when boiled with a solution of a sul- 
phite, together with nitric acid, produces a white precipitate 
(BaO,S03). 

Chlorine, nitric acid, and fused nitre convert sulphites into 
sulphates. 

Solid sulphites, when moistened with an acid, evolve sul- 
phurous acid, which may be recognized by its odour ; when 
Ignited in a glass tube, they are decomposed into sulphides and 
sulphates, and on treating the fused mass with a diluted acid, 
hfdrosulphwric acid gas is disengaged, provided the metallic 
sulphide belongs to that class which decomposes water with 
the assistance of an acid. 

SuVphuretted-hydrogen water produces in solutions containing 
sulphurous acid a white precipitate of sulphur, 

Zi/fic in the presence of free hydrochloric acid evolves from 
solutions of sulphites, sulphuretted hydrogen. 

Characteristic, — Its odour, and the formation of blue iodide 
of starch when a glass rod, moistened with starch paste, is in- 
troduced into the gas. Sulphurous acid is completely absorbed 
by peroxide of lead, 

Pb02+S02=PbO,SOs. 

86. Hyposulphurous Acid (Dithionous Acid). (S2O2.) 

The aqueous solution of this acid decomposes spontaoeously 
into suhphurous acid and sulphur; the compounds which it 
forms with alkalies and alkaline earths are, with the exception 
of hyposulphite of baryta, soluble in water. 

Comportment of solutions of Hyposulphites mth reagents. 
(Hyposulphite of Soda may be used.) 

Chloride of barium in concentrated solutions occasions a 
white precipitate. 

Nitrate of silver produces a precipitate which at first is 
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white, bat it rapidly becomes yellow, and finally black ; sulphide 
of silver being formed and nitric acid set free. Thus : — 
AgCNOg 4- NaO,S203 = AgS + NaaSOg + NOe. 

Hydrochloric acid produces a yellow precipitate of siuphur, 
sulphurous acid being set free. Thus : — 

NaO,S202 4-HCl = ]SraCl + 802 + H0 4-S. 

Characteristic, — Solutions of soluble hyposulphites possess 
the property of dissolving recently precipitated chloride of 
silver ; the solution has an intensely sweet taste, leaving one of 
that nauseous bitterness peculiar to salts of silver. With iodine^ 
solutions of hyposulphites produce an iodide and a tetrathio* 
note. Thus : — 

2(BaO,S202) + 1= Bal + BaOjS.Og. 
This reaction serves to distinguish between sulphu/rous and hypo- 
sulphu/rous adds. 

87. Hyposulphuric Acid (Dithionic Acid). (S^Og.) 

The aqueous solution of this acid, when heated, is resolved 
into sulphuric and sulphurous acids ; its salts undergo the same 
decomposition by hydrochloric acid, aided by heat. Thus : — 

NaCSgOgrrNa 0,808 + 802. 
The hyposulphates are generally soluble in water. 

88. Sulphuric Acid. (SO3.) 

General characters, — In its pure anhydrous state it forms a 
tenacious crystalline mass resembling asbestos ; exposed to the 
air, it gives off thick opaque fumes ; its affinity for water is so 
powerful, that it hisses like a red-hot iron when brought into 
contact with it. By distilling crystallized protosulphate of 
iron, a hydrated acid is obtained which fumes when exposed to 
the air (Nbrdhausen acid, 2 S O3, H O) . Monohydrate of sulphuric 
acid (H 0,803) does not fume, but has an oily consistence; 
hence its commercial name, oil of vitriol. When pure it is 
colourless, the dark tinge that the acid sometimes has, arising 
frotn the separation of carbon from organic substances, which 
it rapidly decomposes. It has a powerful affinity for water, 
abstracting it from the atmosphere with great rapicuty ; during 
its combination with water great heat is evolved ; the mono- 
hydrated acid freezes at 31°, and boils at 617°; it distils with- 
out alteration ; its acid properties are exceedingly powerful ; it 
displaces all other acids from bases at temperatures below its 
boiling-point ; but at a higher temperature it is itself displaced 
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by certain weaker acids which are not volatile ; the greater 
number of its compounds with bases are soluble in water ; the 
sulphates of haryta^ strontia, and lead are, however, nearly in- 
soluble, the first entirely so. 

ComportmerU of solutions of Sulphates with reagents, 
(Solution of Sulphate of Soda may be used.) 

Chloride of barium produces an immediate white precipitate 
(BaOjSOg), even in highly dilute solutions, insoluble in water, 
out not altogether insoluble in dilute hydrochloric and nitric 
acids. The solution to be precipitated should not contain too 
much nitric or hydrochloric acid, as baryta salts which are very 
soluble in water are very sparingly so in acids ; and a white pre- 
cipitate might be formed which could be mistaken for suU 
phate of baryta. Such a precipitate would, however, be readily 
soluble in water. 

Acetate of lead produces a white precipitate, soluble to a 
slight extent in dilute nitric acid, but completely insoluble in 
hoilvng and concentrated \\jdiTOQh\oTic acid. 

The sulphates of the alkaline earths and alkalies are not de- 
composed by heat alone ; when heated in contact with charcoal, 
they are reduced to sulphides : the reduction is facilitated by 
mixture with carbonate of soda. On treating the reduced mass 
with an acid, sulphuretted hydrogen is evolved, which may be 
detected by the odour, by lead paper, or by making the experi- 
ment on a bright silver surface. All the other sulphates, with 
the exception of that of oadde of lead, are decomposed at a 
high temperature, sulphuric acid, or a mixture of sulphurous 
acid and oxygen, being set free, and pure oxides, or the metals 
themselves left. Insoluble sulphates are converted into car- 
bonates by fusion with carbonate of soda, alkaline sulphates 
being formed. 

Brfore the blowpipe, colourless sulphates may be detected 
by fusing them with silicate of soda in the reducing flame ; a 
sulphide is thereby formed, and the glass assumes a red or 
darff-yellow colour, according to the quantity of acid present. 
Coloured sulphates are detected by fusing them with two parts 
of soda and one of borax, in the reducing flame, on charcoal, 
and placing the fused mass on a plate of silver, and mois- 
tening it with water. A tarnishing of the metal indicates 
sulphur. 

Characteristic reaction, — That with chloride of barium. 
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89. Selbuic Acid. (HO.SeOg.) 

This acid produces a precipitate with chloride of barium^ 
which is insoluble in nitric acid. Seleniate of haryta is, how- 
ever, decomposed by boiling hydrochloric acid, chlorine being 
evolved. This is not the case with sulphate of haryta, 

90. Phosphokic Acid. (POs-) 

General characters, — When anhydrous, it has the form of 
white flakes, which rapidly absorb moisture from the atmo- 
sphere, becoming a syrupy liquid which has a free acid, but not 
caustic taste; if pure, it volatilizes without residue when 
strongly heated in an open platinum vessel ; it attacks vessels 
of glass or porcelain when fused therein. The alkaline phos- 
phates are soluble in water, but the neutral compounds of 
phosphoric acid with the earths and metallic oxides are insolu- 
ble in water, though they dissolve in excess of phosphoric acid 
and in nitric acid. 

Phosphoric acid forms with water three distinct hydrates : 
H 0, P Oe, metaphosphoric acid ; 2 H O, P Og, pyrophosphoric acid; 
SHOjPOg, ordinary phosphoric acid, besides modifications. 

Comportment of solutions of Metaphosphates with reayents. 

Nitrate of silver produces a white gelatinous precipitate 
(AgOjPOg), soluble in excess of metaphosphate of soda. 

Chloride of barium gives a voluminous white precipitate 
(BaO,P05). 

Acetate of lead occasions a white precipitate (PbO,P05). 

Metaphosphoric acid strongly coagulates the albumen of 
white of eggy by which character it is most distinctly recog- 
nized ; a solution of an alkaline metaphosphate does not- co- 
agulate albumen, neither does acetic acid; but if the two be 
mixed, the albumen becomes coagulated in consequence of the 
liberation of metaphosphoric acid by the acetic acid. Meta- 
phosphoric acid passes by boiling into ordinary phosphoric acid 
(3HO,P05) : the conversion is accelerated by the addition of 
sulphuric acid. 

Comportment of solutions of Pyrophosphates with reagents. 

Neither chloride of bariv/m nor chloride of calcium precipi- 
tate this acid in the free state. 

Nitrate of silver produces in solutions of alkaline pyrophos- 
phates a white flaky precipitate (2AgO,P05). 

Acetate of lead gives a white precipitate (2 POjPOg). Neither 
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I pgrophoiphoric acid n\ 

\ of precipitatiug albutucii. 

I Pyrophosp boric acid and aolutions of pyrophosphates are 

J converted into ordinary phoBphoric acid and phosphates, by 

} lioiliiig with the mineral acids. 

Comportment of solutions of Tnlaeio or ordinary Phosphates, 
with reagents. 

(Solution of RhomtiiB or common FbospliBte of Soda maj be used.) 

Chioride of barium ^ToAacea a. white precipitate, soluble in 
Iiydrocbloric acid. 

Chloride of calcium occasions a white precipitate, soluble in 
hydrocbloric and acetic acids, and re- precipitated by ammonia, 

^Nitrate of silver produces a lemon-i/ellow precipitate (3 AgO, 
POJ soluble ID nitric acid and in amniouia. 

AJeetateof lead g^vea a white precipitate (SPbO.PO^), aola- 
ile in nitric acid, but insoluble m ammonia, and in acetic acid. 
This precipitate, when fused on charcoal in the outer blowpipe 
flame, forms a bead which crystallizes on cooling. 

Setquiehloride of iron produces in neutral, or slightly alkaline 
Bolutions, a yellowish-vihite precipitate (FeajOgPO^), which is 
soluble in hydrochloric acid, but quite insoluble in aeetie acid. If 
the hydrochloric solution of any mineral containing phosphoric 
acid DO nearly neutralized by ammonia or carbonate of soda, 
exoeaa of acetate of soda or acetate of potaah added, and then 
sesquichloride of iron in small escess, a reddish-brown precipi- 
tate will be obtained on boiling the mixture, which will contain 
the whole of the phosphoric acid. This precipitate should be 
thrown on a filter and well washed with boiling water, after 
vhich it is to be dissolved in dilute hydrochloric acid, avoiding 
great eiceas, and digested with ommonia and sulphide of ammo- 
nium; it is hereby decomposed into sulphide of iron (insoluble) 
Ka& phosphate of ammonia {fi(Aa'o\e), the black mass is thrown on- 
a filter, the filtrate concentrated by evaporation, filtered agaia 
(if neceaaary), and the filtrate treated in accordance with the 
foUowing, 

Sulphate of magnesia s.uA other soluble vmgnesian salts pro- 
duce in solutions of phosphates of the alkalies a erystaUine 
precipitate, which makes ita appearance only gradually ; but if 
ammonia bo added, a cryatallme precipitate oi phosphate of 
magnesia ojii ommoxia (2MgO,NH.O,POj) immediately aub- 
aides, and ia favoured by agitation. This precipitate is insoluble 
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in ammonia and in ammoniacal salts, but is soluble in free 
acids. Previous to the application of this test, chloride of am^ 
monium should be added to the solution in considerable quan- 
tity in order to prevent the precipitation of hydrate of mag-> 
nesia. 

Acetate of sesquioocide ofurcmium precipitates phosphoric acid 
as yellow double phosphate of sesquioxide of uranium and am^ 
monia. If the compound to be tested be an earthy phosphate, 
it should be dissolved in hjrdrochloric acid, concentrated by eva- 
poration, ammonia added m Very slight excess, then acetic acid 
and acetate of ammonia, and finally heated to boiling with 
acetate of sesquioxide of uranium, upon which the yellow pre- 
cipitate makes its appearance. 

Molybdate of ammonia produces in solutions containing phos- 
phoric acid a yellow precipitate. To the solution, after the ad- 
dition of the molybdate, nitric acid should be added, it should 
then be warmed, it will speedily assume a yellow colour, and a 
yellow precipitate will gradually subside. This test is espe- 
cially useful, as it enables the operator to detect the presence 
of phosphoric acid in minute quantities, in acid solutions of soils, 
fossils, etc. 

Characters of the different forms of the Tribasie Alkaline 

Phosphates, 

When a salt of tribasic phosphoric acid, with three atoms of 
a fixed base which is strongly alkaline, is mixed with neutral 
nitrate of silver, a yellow precipitate is formed, and the solution 
is perfectly neutral to test-paper. 

3NaO,P05-h3(AgO,N06) = 3AgO,P05 + 3(]SraO,NOj). 
Salts of tribasic phosphoric acid with two atoms of fixed base 
have also an alkaline reaction. They give with neutral nitrate 
of silver the same yellow precipitate, and the mixture is acid 
to test-paper. 

2NaO,HO,P05-f3(AgO,N05) = 
3AgO,P05 + 2(NaO,N05) + HCNOg. 
When these latter salts are ignited, they are converted into 
pyrophosphates (bibasic), which when dissolved in water exhibit 
an alkaline reaction, and give with neutral nitrate of silver a 
white precipitate; after the precipitation, the solution is A^tt^o^ 

2NaO,P05 + 2(AgO,N06)=2AgO,P06 + 2(NaO,N05). 
Salts of tribasic phosphoric acid with one atom of fixed 
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base have a strong anid reaction; they give with tieatral ni. 
trate of silver a yeUow precipitate, the Bolutioa being acid to 
test-paper. 

NaO,2HO,P05 + 3(AgO,N05) = 
3AgO,P05+NaO,iS"05 + 2(HO,N06). 
"When ignited, these latter salts pass into metaphosphates (mo- 
nobasic). The metaphosphate ot'potaah is very sparingly soluble 
in water, but the metaphosphate of soda dissolves readily, and 
the solution gives ^ith nitrate of silver a white precipitate 
soluble in excess of the precipitant. 

Before the hloicpipe, phosphoric acid is detected by the foUow- 
ing method of Berzelius : — Dissolve the subject of examination 
in borocic acid, upon charcoal, in the oxidating flame ; intro- 
duce into the melted bead a piece of fine iron-wire, and eipose 
the whole to a strong reducing- flame. The iron oxidizes at the 
expense of the phosphoric acid, and borate and phosphate of 
iron are produced. The latter fuses in a strong red heat. 
When cold, the glass is removed from the charcoal, and broken 
into pieces on an anvil, between folds of paper. A globular 
metallic button of magnetic phosphide of iron la thus produced. 
This operation reguires skill on the part of the operator. 
To detect phosphonc acid in an aluminous compound, Berzelius 
gives the following method : — The substance, pulverized in an 
agate mortar, is rubbed with a miisture of six parts of soda, and 
one and a half of silica, and the mass fused on charcoal in the 
oxidating flame. The fused residuum is boiled with water, in 
ivhich phosphate and the excess of carbonate of soda dissolve, 
leaving the alumina in combination with silicic acid. The 
pfaosphoric acid is detected in aqueous solution as above di- 
rected. 

Chm-acterintio reactions. — Those with niVwie of silver; with 
lulphate of magnesia in the presence of ammonia ; and with 
molj/bdate of ammonia. 

91. PnosPHOEOua Acid. (POj.) 
Oeneral characters, — In its anhydrous state, it is a white, 
but not a crystalline powder. Tts hydrate may be obtained in 
the form of deliquescent crystals, by evaporating the aqueous 
solution obtained by acting on sesquichlorid^ of phosphorus 
by water. It slowly absorbs oxygen from the air, becoming 
converted into phosphoric acid. By boiling and fusion it is 
decomposed, phosphuretted hydrogen being formed, which in- 
L 2 
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flamea on tlie approach of a btimiiig body, fumes of phosphoric 
acid making their appearance. 

4P03 + 3HO = PHs + 3POs. 
The nlkaliue pkosphitet aie soluble iu water, and are powerful 
deoxidizing agents. They reduce aolutions of gold and tUver, 
and salts of copper and mercury ; parsing into photphate*. Sul- 
phwoKt acid when warmed with phosphoroag acid yields a pre- 
cipitate of sulphur, and when an excess of the latter is used, 
hydrogulphuric acid. 

3POs + 2S03 + 2HOi=3POb + 2HS; and 
80j + 2HS = 2HO + S,. 
Heat also converts them into ^ Aosp Ao/cb, hjdrogeu gas being 
evolved, which burns with a blue flame without producing any 
fumes of phosphoric acid. JTypcphoephiten are distinguiahed 
from phosphileg from their giving rise to a spontaneously io- 
flammable phosphuretted hydrogen when strongly heated, fumes 
of phosphoric acid being formed. All the hypophosphiteg are 
floluble in water. 

92. EoBACro Acid. (BOg.) 
General characters. — Thia acid crystallizes, out of its aqueous 
solution, in brilliant scales, which are greasy to the touch. It 
has no smell, and a very faint acid taste. It is sparingly soluble 
in water. In the presence of aqueous vapours it sublimea 
easily, but alone it is perfectly fixed at a red-heat, at which, 
however, it fuses iota a colourless, transparent, brittle glass. 
It dissolves in alcohol, to the flame of which it communicates 
a green tinge, a property which is characteristic of this acid. 
It volatilizes with the vapour of alcohol, as with that of water. 
The alkaline borates are soluble in water, but the borates of 
the earths and metallic oxides are almost insoluble, though 
they dissolve readily iu auida and ammoniacal sails. They are 
all very fusible, and promote the fusion of other bodies when 
mixed with them ; hence their uses as fluxes, i'ree boracic 
acid reddens turmeric-paper like an alkali. 

Comportment of solutions of Borates witk reagents. 

(Solution of BiboratB of Soda (Borax) (NaO,2B03) mnj be used.) 

Chloride of barium produces a white precipitate (BaO.BOg), 

soluble in acids and iu ammoniacal salts, and la a large quantity 

of water. 

Nitrate of silver, in concentrated solutions, produces a white 
precipitate, soluble in ammonia and in dilute nitric acid. 
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Chloride of calcium prodiiceB a white precipitate, aoluble in 
acidB and in ammonia, and in a large quantity of water. 

Acetate oj" lead proiluL-es a white precipitate, aoluble in a 

Sitrate of suboxide of mercury produces an olive-brown pre- 
eipitate, Boluble in nitric acid and in ammonia. 

BydrocKlorie and sulphuric acids separate boracie acid from 
•olutionB of borates, at a boiling temperature, in the form of 
ciyHtalline scales. 

£ibm-ate of soda (NaO,2B03) precipitates solution of « 
guicTiloride of iron. The precipitate dissolves on heating to a 
dark-red liquid, which miglit be mistaken for the reaction 
produced between acetic acid and the same reagent ; if the 
BoIutiooB are not very concentrated, only a darker colour is ob- 
servable, and no precipitate. 

Sefbre the blowpipe, the following method of detecting bora- 
cie acid in salts and minerals has been recommended by 
Turner: — Knead into a paste, with a few drops of wat 
mixture of the finely divided substance, with 4^ parts of bisul- 
pAate of potassa, and 1 of powdered fluor-spar, and fuse the 
mass on the ring of the platinum wire. At the apes of the 
"blue flame fiuohoric acid gas is liberated, which communioatea 
to the outer flame a pure-green colour. 

Characteristic. — Jf a pulverized borate be moistened in a 
porcelain capsule with a few drops of sulphuric acid, and 
covered with alcohol, warmed and inflamed, the flame will havB 
a green tinge, most perceptible at its borders. The presence 
of chlorides interferes with this test, in some measure, in con- 
Mequence of the formation of hydrochloric ether; the flame, 
however, in this case, has a decided blue tinge. 

93. Silicic Aoid. (SiOj.) 
Oeneral characters. — Of this acid there are two isomeric 
modifications ; one is insoluble in water, and resists the action 
of all acida but hydrofluoric. It is a white, tasteless powder, 
gritty between the teeth, and infusible at the strongest heat 
of a fnrnace, but fusing before a blowpipe flame urged with 
OCTgen, into a limpid, colourlesa liquid. This form of ailicic 
acid exists nearly in a state of purity in rock crystal and in 
Khite quartz. By fusion with carbonate of potassa, or with 
a mrsture of carbonate of potasaa and carbouate of soda, all 
siliceoua minerals are decomposed, basic alkaline silicatea 
being formed, which are soluble in water, and from which 
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acids separate silicic acid in its soluble modification ; but, by 
drying, it again returns to the insoluble state. The soluble 
yariety of silicic acid is obtained in the form of a gelatinous 
mass, by passing the gas obtained by heating together a mix- 
ture of powdered fluor-spar and quartz, with sulphuric acid, 
into water. In this state water dissolves a small quantity, 
without, however, acquiring any taste, or the property of red- 
dening litmus-paper. By evaporation, the acid is obtained as 
a white, earthy, but not crystalline mass, which may again be 
dissolved in water ; but, if a strong mineral acid be added to 
the water during its evaporation, the dry silicic acid is no 
longer soluble in water. GFelatinous silicic acid is soluble, to a 
considerable extent, in acids. No precipitation is, therefore, 
observed on adding hydrochloric acid to a dilute solution of an 
alkaline silicate, until the liquid has been concentrated by 
evaporation. In most siliceous minerals, silicic acid exists in 
its insoluble form. There are, however, a number of native 
hydrated silicates, denominated zeolites, which contain silicic 
acid in its soluble form, and which are, therefore, decomposed 
by concentrated hydrochloric acid even in the cold, forming a 
gelatinous mass soluble in water. There are other minerals 
which are only dissolved in hydrochloric acid by prolonged 
digestion, the silicic acid separating as a flaky powder, and not 
as a jelly. At ordinary temperatures, silicic acid is one of the 
weakest of the acids, dissolving in a boiling solution of the 
fixed alkaline carbonates, without expelling their carbonic acid, 
but at high temperatures it is capable of expelling all the vola- 
tile acids, not even excepting the sulphuric acid, from their 
combinations. 

Diluted solutions of alkaline silicates, when nearly neutra- 
lized by nitric acid, are precipitated by most heavy oxides, and 
by the salts of the alkaline earths and by ammonia. The first 
step, therefore, in analysing a mineral containing silicic acid, 
is to convert the silicic acid from its soluble to its insoluble 
condition, which is done by evaporating the hydrochloric solu- 
tion to perfect dryness, and then dissolving out with add the 
basic metallic oxides. 

Before the hlou^ipe, silicic acid is recognised by means of 
microcosmic salt and soda ; the examination is generally per- 
formed on a platinum wire. The microcosmic salt is first fused 
into a bead, the silicate added, and the whole heated in the 
oxidizing flame; the glass bead, while hot, is clear, and the 
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separated Bilicic acid floata through it in a collected state ; the 
bases combine with the fi-ee acid in the flus. Silicic acid with 
Boda, on charcoal, gives a clear bead, carbonic acid escaping 
with effervescence ; even when a small quantity of an earth in 
present, it atill fuses to a, clear glass. Thia is the case with 
fehpar; but, if the silicate contain a large proportion of a non- 
alkaline baee, the compound becomes infusible. 

Siiioie acid is separated from iitanin and by fusion with 
bisulphate of potassa iu a platinum crucible ; from the fused 
mass the titauic acid may be eitracted by water. 

94. HyBEortuoBiLicic Acid. (HF.) 
Oeneral characiei-s. — This acid is very volatile and corrOHive, 
giving off dense fumes in the air ; it is distinguished from all 
other acids by its property of dissolving the insoluble form of 
■ilicic acid ; it cannot therefore he preserved in glass vessels. 
It combines with water with the same energy as sulpburic acid. 
It decomposes metallic oxides, giving rise to water andmefaUic 
fiuorideg. Towards metals it behaves in general in the same 
manner as the oxyacids, and it dissolves copper and silver gra- 
dnally with the disengagement of hydrogen ; hi its concentra- 
ted state it acts on many substances with great energy, dis- 
Bolving some bodies which are not acted on even by boiling 
Kqua-regio, such aa gilicic, titanic, molyhdio, and tungstio acidt. 
The concentrated acid acts vrith extreme violence on the akin, 
causing painful ulcers very difficult to lieal. The alkaline- 
fluorides are soluble in water, aa are also the fluorides of alu- 
miaum, tin, iron, and mercury. The fluorides of the metals of 
the alkaline earths are almost insoluble, as are also the fluorides 
of copper, lead, and sine, though they dissolve more or leas 
readily in hydrofluoric acid. Tbe greater number of the fluor- 
ides bear ignition without being decomposed; the insoluble 
fluorides are decomposed by fusion with alkaline carbonates. 

Comportment of solutions of Fluorides with reagents. 
(Solution of Fluoride of Potasaiiini (KF) may be used.) 
Chloride of barium pTodaoea a white precipitate soluble in 
hydrochloric acid. 

Chloride of calcium produces a gelatinous and very traue- 
parent precipitate, almost insoluble in free acids, even in hydrO" 
fluoric acid, and in alkalies in the cold ; the addition of ami 
causes the complete subsidence of the precipitate (CaF). 
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Acetate of lead occasions a white precipitate soluble in hydror 
chloric acid. 

Sulphtiric acid at the boiling temperature decomposes all 
fluorides with the disengagement of hydrofluoric acid. The 
experiment is made by tracing lines on a plate of glass, covered 
with beeswax, with a wooden point, so as to expose the glass ; 
and laying the plate on a platinum crucible containing the pul- 
verized fluoride and concentrated sulphuric acid. A moderate 
heat insufficient to melt the wax, is applied to the crucible for 
a few minutes. The exposed lines are found etched, on the 
removal of the wax, which is efiected by spirits of turpentine. 

When a fluoride is mixed with a substance containing silicic 
acid, such as pounded glass, and heated together with concen- 
trated sulphuric acid, fluosilicic acid is formed. Thus : — 

Si02 + 2CaF + 2(HO,S03) = Sir2 + 2(CaO,S03)+2HO. 

This acid is disengaged as a gas which fumes strongly in a 
moist atmosphere, and when brought into contact with water is 
decomposed, with the separation of silicic acid in its gelatinous 
form, and the formation of hydrofltwHlidc acid. Thus : — 
3SiF2-|-2HO = 2(HF,SiF2)+Si03. 

This interesting reaction is observed by heating the materials 
in a test-tube, and conveying the gas, by a bent tube, into an- 
other test-tube containing water. 

. By cautiously fusing in a test-tube equal parts of a finely 
pulverized fluoride, and bisulphate of potassa, hydrofluoric acid 
18 rendered evident by the roughening and loss of transparency 
of the upper paart of the tube. 

95. Chkomio Acid. (CrOg.) 

General characters: — This acid is obtained by the decompo- 
sition of bichromate of potassa by sulphuric acid, in the form 
of brilliant crimson needles, which absorb moisture from the 
air and pass into a deep-brown viscous fluid ; evaporated to 
dryness it is, while hot, black, but on cooling it becomes deep- 
red ; it has no smell ; its taste is strongly acid, but not metallic ; 
it tinges the skin yellow. It is soluble in alcohol; but the so- 
lution decomposes by the action of heat and light, an ether 
being fonned, and hydrated oxide of chromium precipitated. 
When alcohol is dropped on the concentrated acid, it takes fire, 
and the acid becomes incandescent; an aqueous solution of 
chromic acid is gradually decomposed by the light of the sun, 
oxygen g&s being liberated. All its salts are coloured yellow 
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or red, ; the alkaline cbromates and bichromates are soluble in 
water ; most of the other salts of chromic acid are insoluble in 
water, though they are all soluble in nitric acid. 

Compartment of solutions of Chrom^ates with reagents. 
(Solution of Chromateof Potassa (EOyCrOs) maybe used.) 

Chloride of barium produces a pale-yellow precipitate, solu- 
ble in nitric and hydrochloric acids. 

Acetate of lead produces a yellow precipitate, soluble in po- 
tassa, and sparingly soluble in nitric acid. 

Nitrate of silver produces a dark-purple precipitate soluble 
in nitric acid, and in ammonia. 

Sttbnitrate ofmercmy produces a brick-red precipitate. 

Hydrosulphwrio acid in neutral solutions reauces the chromic 
acid with the precipitation of sulphur, and oxide of chromium. 
Thus :— 

2(KO,Cr03) + 5HS = 2KS + 5H0 + Cr^Og + S3 
In the presence of a free acid the oxide of chromium is dis- 
solved, at least in part, and sulphur precipitated. 

Sulphurous add likewise reduces chromic acid, sulphuric and 
hyposulphuric acids being formed. 

Oxalic, tartaric, and citric acids, reduce the acid to sesqui- 
oxide of chromium, carbonic acid being evolved. 

Hydrochloric add, and alcohol, or zinc, on being boiled with 
solution of a chromate, reduce the acid, the fluid becoming 
green. 

Insoluble chromates are decomposed by fusion with alkaline 
carbonates, alkaline chromates being formed. 

Solid chromates when heated with concentrated sulphuric 
acid evolve oxygen gas. Thus : — 

(KO,2CrOS + 4S08=KO,S08 + (Cr203,3S03) -I- 98- 
Solid chromates when heated with concentrated sulphuric acid 

and chloride of sodium disengage ehlorochromic acia(CrOaCl). 

NaCl 4- KO,Cr03.+4(HO,S08) = 
NaO,S03,HO,S03 4-KO,S03,HO,S03.+ Cr02Cl + 2HO. 
ehlorochromic acid is decomposed by water into chromic and 
hydrochloric acids. Thus :t— 

CrO^Cl -I- HO = Cr03 4- HCl 
Characteristic reactions, — Those with nitrate of diver and 
acetate of lead ; and with hydrochloric add and alcohol. 
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II. — Acids precipitated by Nitrate of Silver. 

96. Hydbochlobio Acid. (HCl.) 

This acid is a transparent colourless gas, fuming strongly in 
a moist atmosphere ; it has a pungent suffocating smell, and a 
strongly acid taste. At a low temperature, and under a pres- 
sure of about eighteen atmospheres, it becomes liquid : it is 
decomposed by those metals which decompose water, and by 
substances which combine with chlorine ; it is also decomposed 
by metallic oxides. It is absorbed with the greatest avidity by 
water, the saturated solution forming what is called concen- 
trated hydrochloric acid. This solution is colourless and 
strongly acid ; the yellow tinge which the acid frequently has, 
arises from impurities. The greater number of the chlorides 
are soluble in water ; the principal exceptions are those of lead 
and silver, and suhchloride of mercury : some chlorides volati- 
lize without decomposition, as the chlorides of tin, antimony, 
and arsenic ; some are fixed, and others undergo decomposition 
by heat. 

Comportment of solutions of Chlorides with reagents. 
(Solution of Chloride of Sodium (NaCl) maj be used.) 

Nitrate of silver produces a white curdy precipitate even in 
highly dilute solutions (AgCl), becoming violet-coloured, and 
finally black, when exposed to the light : it is quite insoluble 
in nitric acid, but readily soluble in ammonia ; it fuses without 
decomposition, forming, when cold, a tough homy mass, and is 
reduced by hydrogen, and by fusion with carbonate of soda, or 
with resin. 

Nitrate of suboxide of mercury produces a white precipitate 
(calomel, Hgg CI), becoming black when brought into contact 
with caustic alkalies. 

Acetate of lead produces a white precipitate soluble in boil- 
ing water, less so in nitric and hydrochlorie acids, and not 
altered by ammonia. 

By heating a soluble chloride with peroxide of manganese 
and sulphuric acid, chlorine gas is evolved. Thus : — 
NaCH- MnOg 4- 2(HO,S03) = NaO,SO^+ Mna,S03 + CI + HO. 

By heating a chloride with sulphuric acid alone, hydrochloric 
add gas is evolved. Thus : — 

NaCl + HO,S02 = NaO,S03 + HCl. 

On heating a chloride with chromate ofpotassa and sulphuric 
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be present, the assay will he surrounded by a beautiful blue- 
coloured flame ioeliuing to purple, which after some time dis- 
appears, but can be reproduced by adding a fresh supply of the 
sample. 

Ckaracteristic reaction.— That with nitrate of silver. 

97. Hybeobbomic Acib. (HBr.) 
General character*. — It very much resemhlea hydrochloric 
•etd gas; like it, it fumes strongly when allowed to escape into 
« moist atmosphere, and it acts in a similar manner with metnla 
and metallic oxides : it dissolves freely in water, and the con- 
rated solution, which is denser than that of hydrochloric 
acid gas, ia fuming; chlorine eipela from it bromine, hydro- 
chloric acid being formed. The aqueous solulion dissolves a 
large quantity of bromine, and acquires a deep-red colour. 
■e is also a strong analogy between the bromidea and clilo- 
rides. 

Comportment ofaolulions of Bromidea with reagents. 
(Solution of Bromide of PotEwdura (KSr) may be used.) 

27itrate of silver produces a yellowish-white precipitate 
(AgBr), iosoloble in nitric acid and soluble with difficulty in 
•mmonia. 

Nitrate of »uho3nde of mercury produces a yellowish- white 
precipitate. 

Acetate of lead produces a white precipitate insoluble in 
water, by which it is distinguished from chloride of lead. 

nitric acid, when heated with solution of a bromide, decom- 

nes it, evolving bromine, whicli colours the solution yel- 
lowish-red ; when heated with a solid bromide, yellowish-red 
irapoure are produced, having nn odour resembling that of chlo- 
rine ! these vapours condense into red drops in the upper part 
•f tbus test-tube. 
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Concentrated sulphuric add also decomposes bromides, with 
the separation of bromine and sulphu/rous acid. Thus : — 
KBr + 2(H0,S0o)=K0, SO3 + SOg + Br + HO. 

Dilute sulphuric acid decomposes bromides with the disen^ 
gagement of hydrobromic acid. Thus : — 

KBr -h HO, SO3 = KCSOg + HBr. 

If a stream of chlorine be passed through a solution of a 
bromide, and the solution agitated with ether, the latter will 
dissolve all the evolved bromine, and assume a yellow colour : 
if the ethereal solution be removed with a pipette, and agitated 
with solution of potassa, the jellow tint will vanish, the bro- 
mine having passed into bromide of potassium and bromate of 
potassa. Thus: — 

6Br + 6K0 = 6KBr -h KO, BrOg. 

If this solution be evaporated to dryness, and ignited, the 
bromate is decomposed with evolution of oxygen, and bromide 
t)f potassium remains ; in order to detect bromine in this resi- 
due, it is heated in a small retort, with peroxide of manganese 
and sulphuric acid, and the vapours received in a small receiver 
containing starch paste, which becomes tinged orange-yellow, 
the colour vanishing by exposure to the air. 

On heating a bromide with chromate of potassa and sulphuric 
add, a brownish-red gas is produced, as m the case of a chlo- 
ride : this gas, however, is bromine, and the colour vanishes on 
the addition of ammonia ; this reaction serves, therefore, to 
distinguish between bromides and chlorides, and for detecting 
the presence of the latter in the former. 

Characteristic reaction. — Those with nitrate of silver, with 
chlorine, and with nitric acvd^ 

98. BeomicAcid. (H0,Br06.> 

General characters, — When concentrated, it is very sour, but 
not caustic ; it has very little odour : it first reddens, and then 
discolours blue litmus-paper ; sulphurous, phosphorous acids, 
and all the' hydracids decompose it, liberating bromine: most 
of the bromates are soluble in water, and are converted by 
igniticm into bromides, with evolution of oxygen ;. they are 
decomposed with violent deflagration when heated with com- 
bustible substances, such as cambon, sulphury and phosphorus. 
These mixtures likewise detonate violently when moistened 
with a drop of concentrated sulphuric acid. Bromates, when 
treuted with concentrated sulphuric and other oxygen acids 
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in the cold, evolve oxygen and red vapours of bromine ; tLey 
are likewise reduced by sulphuretted hydrogen with separation 
of sulphur. 

Comportment of solutiong of Bromatea vnth reagent». 
(Solntion of Srom&toof Fotassa (K 0,6(0^) may be used.) 
Nitrate of suboxide of mereuri/ produces a light-yellow pre- 
cipitate, soluble iu nitric acid. 

Acetate of lead produces a wbite precipitate, soluble in mucb 
water. 

Nitrate of ether produces a white precipitate, soluble in am- 
monio, but soluble with difficulty in dilute nitric acid. 

ffj/drotalphwrie acid reducea bromatea to bromides ; aulphu- 
•io aoid being formed and sulphur separated. 
Sulphurous aeid reduces bromatea to bromides, Bulphurio 
t kcid being formed. 

99. Htdbiodic Aoid. (HI.) 

General eharaeters. — This acid gas likewise resembles in its 

roperties hydrochloric acid ; it ia absorbed rapidly, and in 

Urge quantities, by water, the aolution being eolourleaa and 

t faming ; there is also a strong analog}' between tiie compounds 

r ^ iodine and those of bromide and chlorine. 

Comportment of solution of Iodides vnih reagents. 
(Solution of lodideof Potassium (£1) may be used.) 
Nitrate of silver produces a yellowiah-white precipitate (Agl) 
l^bich blackens by exposure to the light, is insoluble in dilute 
f nitric acid, and very sparingly soluble in ammonia. 

nitrate of suboxide of mercurif produces a yellowish -green 
precipitate. 

Chloride of mercury produces a beautiful scarlet precipitate, 
CHgl.) 

Aeetaie of lead producea an orange-yellow precipitate, solu- 
ble iu hot water, and in nitric acid, and crystallizing out of its 
solution in brilliant golden-coloured acalea. (Pbl.) 

.Prolochhride of paJladium produces a black precipitate in 
L tolutions of alkaline iodidea ; no precipitate is afforded by this 
n solutions of bromidea. 
An aqueous aolution of one part of crystallized sniphate of 
Jeopper, and two and a half of protoaulphate of iron, produce a 
I dingy-white precipitate (CujI) ; this mixture has no efiect in 
I Kilutiona of chlorides and bromidea. 
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Chlormey nitric add^ concentrated sulphuric acid, ani perojnde 
ofmamganeBe eliminate iodine from solutions of iodides, the so* 
lutions becoming coloured ; and, if the solution be concentrated, 
iodine separates as a black precipitate : on applying heat, the 
charactenstic violet vapours of iodine make their appearance ; 
with excess of chlorine, a colourless chloride of iodine is formed. 

With Btarch paste free iodine forms a blue compound, and 
this reagent serves to detect minute traces of iodine in inso- 
luble as well as in soluble compounds of that element. The 
substance under examination is mixed in a retort with concen- 
trated nitric acid, and a strip of white cotton cloth^ moistened 
with solution of starch, suspended from the stopper; in a few 
hours the cloth will become coloured blue if the most minute 
trace of iodine be present. Nitric acid is better as an oxidizing 
agent than chlorine, because of the formation of the colourless 
chloride of iodine above referred to. The blue colour of the 
iodide of starch disappears by heat, and by the action of certain 
deoxidizing agents. 

If a solid iodide be heated with concentrated sulphuric acid 
and peroxide of manganese, violet vapours of iodine will make 
their appearance. 

Before the blotcpipe, metallic iodides, when treated with cu- 
priferous microcosmic salt, impart a beautiful and deep-green 
colour to the flame. Iodine is soluble in chloroform, to which 
it communicates a beautiful violet tint. According to Eabour- 
din, the presence of iodine may be shown by this test in a 
liquid in a quantity so small as ^^^^^^ part of its weight. 

Characteristic reactions — Those with 'protochloride ofpalla- 
dvum ; and with starch, and nitric acid, 

100. Iodic Acid. (H 0,105.) 

• General characters, — The aqueous solution of this acid is, 
"^ihen concentrated, very sour : it first reddens, and then de-^ 
stroys the colour of litmus-paper ; it oxidizes all metals but 
gold sjid platinum, and detonates violentlv when heated with 
combustible substances ; with sulphuric, nitric, and phosphoria 
acid, it forms crystalline compounds, and when mixed with 
vegetable acids a decomposition of both takes place ; carbonic 
acid being liberated, and iodine precipitated. The iodates are 
mostly insoluble in water ; the neutral alkaline iodates are so- 
luble. 
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Comportment of tolutions of lodatet with reoffentg. 

(3olntionofIodateofPotasli(KO,IOi)orIodatBof Soda{NaO,IOj)mii.y 
be used.} 

ISitrale of sileer producea a. wbite precipitate, aoluble in 
nitric acid and in a,mmoDia. 

Chloride of barium, chloride of calcium, and acetate of lead 

five white precipitates, soluble in nitric acid. lodates, when 
eated alone, are decomposed into iodides and oijgen; they 
deflagrate when heated with combustibles : they are decom- 
^mei bj proloehloride of tin, iodine being aeparatedj the latter 
(lay be made evident by adding starch paste. 

Mydrosulphuric acid rediices iodates to iodides, sulphuric 
Juid and w^er being formed, and iodine separated. 

101. Hthhoctasic Acid. (HCy.) 
General characters. — Tn its pure, anhydrous state, this acid 
possesses the following properties. It is colourless, inflam- 
mable, very volatile, and possessing a strong odour analogous 
to that of bitter almonds ; its taste is at first cool, then burn- 
ing and disagreeable. Its specific gravity is 0*6957 at 66*° ; it 
boila at 80°; it volatilizes rapidly in the air, producing a degree 
of cold sufficient (if it be not perfectly anhydrous) to cause it 
to assume a solid form ; it is feebly acid to test-paper ; it is 
one of the most energetic poisons known, one drop being suf- 
ficient to destroy an animal of considerable size. It is rapidly 
decomposed, even in close vessels, becoming darker and darker 
in colour, and eventually quite black ; a trace of sulphuric acid 
prevents this decomposition from taking place : strong acids 

' cause its elements so to arrange themselves with the elements 

[ of water as to produce yoj-ww'c acid and anuiuniia. Thus: — 
H CgN + 4H0 = KH^O, CaHOs- 
Hydrocjaiiic acid. Formiate of ammonia. 

I By distillation the formic acid may be separated, the ammonia 

Ixemaiimig in combination with the acid which occasioned the 

I decomposition. 

■ The alkalies are reduced by hydrocyanic acid, their metallic 

I ndicale combining with cyanogen, aJid water being formed. 

[Thus:— 

E:0-f-HCy = KCy + H0. 

I Xbe metallic cyanides tbas formed have an alkaline reaction ; 

] they are decomposed gradually when dissolved in water, rapidly 
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when boiled. Oyamde of potassium and cycmide of sodium may, 
however, be heated to redness out of contact of air, without 
suffering decomposition ; but in contact with oxides of tin^ 
lead, copper, and many other metals, they are converted into 
cyanates, the metals being reduced. Thus : — 

KCy + 2PbO = K O, Cy O + 2Pb. 
The greater number of the metallic cyanides are insoluble in 
water ; they comport themselves differently under the influence 
of heat, some being resolved into the metal and cyanogen, as 
is the case with cyanide of mercury, and others into carbides 
and nitrogen. The compounds of cyanogen with gold, silver, 
and other heavy metals, are not decomposed by dilute, and 
with difficulty by concentrated nitric acid ; hydrochloric acid 
and sulphuretted hydrogen, however, decompose them easily 
and completely. The cyanides of vron, cobalt, mcmyanese, and 
chromium, when brought into contact with alkaline cyanides, 
unite with their cyanogen, forming peculiar salt-radicals, in 
which the presence of the heavy metal cannot be detected by 
the usual tests. 

Comportment of solutions of Cyanides with reagents. 
(Solution of Cyanide of Potassium (K Cy) may be used.) 

Nitrate of silver produces a white curdy precipitate (AgCy) 
insoluble in dilute nitric acid, and sparingly soluble in am- 
monia, easily soluble in cyanide of potassium ; leaving pure 
silver when ignited, and evolving cyanogen, which burns with a 
peach-coloured flame. When moistened with hydrochloric 
acid, hydrocyanic acid is disengaged. 

Acetate of lead produces a white precipitate (PbCjr). 

Subnitrate of mercury produces, in hydrocyanic acid, a grey 
precipitate of metallic mercury, cyanide of mercury remaining 
in solution. Thus : — 

Hg20 + HCy = HgCy-hHg+H0. 

Oadde of mercury dissolves freely in hydrocyanic acid, and 
alkalies occasion no precipitate in the solution. In no other 
alkaline fluid can oxide of mercury be held in solution ; tbi» 
reaction serves therefore as a test of the presence of hydrocy- 
anic acid. In the presence of hydrochloric acid, ammonia pro- 
duces a precipitate. 

A solution of protosulphate of iron, which basbeen partially 
oxidized by exposure to the air (magnetic oxide of iron), occa- 
sions the formation of Frussian blue in solution of on alkaline 
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jfdrocjanate containing free liydrochlorie acid ; thia reaction 
(onatituteB an excellent teat for hydrocyanic acid, but it is 
Bential that an alkali should be present, aa also hydrochloric 
■ !, to diasolve any oxide of iron that may have been precipi- 
d by the alkali together with the blue compound. 
. moat delicate teat of the presence of hydrocyanic acid 
a that propoaed by Liebig, and ia dependent on the fact that 
the higher aulphtdes of ammonium are instantly deprived, by 
ejanide of ammonium, of the eiceas of sulphur they contain 
aiioTe the mononulphide ; sulphoci/a7iide of mmaoniuw, (NHj, 
Cy Sn) being f jrmed, 

HCy + NH^S + S2 = (NH,C8y)+HS, 
which produces, with persalts of iron, a very deep blood-red 
' -eolour. Taylor recommends the Ibllowing method of applying 
fjtia test :— tiace the diluted hydrocyanic acid in a wat«h-glass, 
^^d invert over it another watch-glass, holding in its centre one 
drop of sulphide of ammonium containing sulphur in excess; 
there ia no apparent change in the sulphide, but if the watcb- 
glaas be removed after the lapse of from half a minute to ten 
minutea, according to the quantity of hydrocyanic acid present, 
tvlpioeyanide of ammonium will be obtained. On gently heat- 
-ing the drop of sulphide, and evaporating it to dryness, the ad- 
dition of a drop of solution of a persalt of iron to the dried 
residue, brings out the blood-red colour instantly, which is in.- 
'tense in proportion to the quantity of Bulphocyanide present ; 
the warmth of the hand may be employed to expedit* the 
evolution of the vapour. This teat is even moi'e delicate Qipd 
eipeditioua than the nitrate of silver teat, in whicli the vapours 
are received in a aolution of that aalt, and will, acuording to 
Taylor, detect in five minutes, hydrocyanic acid not exceeding 
^1^ of a grain, in tea drops of a liquid. 

ijolid cyanides when heated with concentrated sulphuric acid 
evolve carbonic oxide, sulphate of the metallic base and sulphate 
erf ammonia being formed. Thus: — 
K:CjN-|-2HO + 2HO,SO3 = NH4O,S03-|-K0,8O3 + 2CO. 

102. Detection of Hydrocyanic Acid in Oryanio Mixtures. 

"When hydrocyanic acid is to be nought for in organic mii- 
tures, Taylor ui^s the importance of obtaining evidence of its 
presence before resorting to the process of distillation, in order 
to avoid an objection which may be raised, to the effect that 
the acid might have been a product of diBtiihitiou. He gives 
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the following method, which he finds to Bucceed with the blood, 
muscles, and viscera, as well as with the liquid contents and 
solid substance of the stomach. 'The liquid is acidulated with 
fiulphuric acid and placed in a wide-mouthed bottle, the aper- 
ture of which is capable of being covered with a watch-glass 
or a saucer of white porcelain. The inside of the glass or 
saucer is moistened with nitrate of silver and placed over the 
mouth of the bottle : if hydrocyanic acid be present, the spote 
of nitrate will become white in the course of a few seconds, or 
in from ten minutes to a quarter of an hour, according to the 
quantity of poison present, and the closeness of the test to the 
liquid. No heat need be applied to the liquid ; a temperature 
of 64° suffices for the result, but the warmth of the hand ac- 
celerates the action. Taylor mixed ttoo-thirds of a graim of 
anhydrous hydrocyanic acid with eight ounces of porter, and 
obtained a well-defined deposit of cyanide of silver in the 
watch-glass in a quarter of an hour ; and by substituting in the 
watch-glass weak caustic potassa for nitrate of silver, and after 
a few minutes adding sulphate of iron and hydrochloric acid, 
he obtained Prussian blue from two-thirds of a grain of anhy- 
•drous hydrocyanic acid mixed with eight ounces of porter ; thfe 
process was equally successful with the stomach of a dog, after 
it had been thoroughly washed with water, and had been re- 
moved from the body twenty-four hours. These experiments 
prove the great volatility of the poison, and the diffusibility of 
its vapour. The silver test serves the analyst as a guide, for 
Taylor finds, that unless the white film is formed on the nitrate 
of silver, the application of the Prussian blue test will also 
fail. Prussian blue may even be procured from the cyanide of 
silver : for this purpose, caustic potassa is added to the film of 
cyanide in the watch-glass, and heat applied ; the cyanide ia 
dissolved, and brown oxide of silver precipitated; to the fil- 
tered liquid sulphate of iron is added, and after a time dilute 
sulphuric acid, Prussian blue is immediately produced. "When 
it is found necessary to distil the fluid, Lassaigne and Chris- 
tison acidulate with sulphuric acid, and distil from a vapour 
bath till one-eighth part of the fluid has passed into the re- 
ceiver. The tests are then applied to the distillate ; if the 
quantity of poison be small, nitrate of silver, or potassa, may' be 
placed m the receiver to fix the acid as it passes over. ' 

Poisoning hy hydrocyanic Add. — Liebig makes the following 
remarks on this fearful poison : — '^ Its rapid action on the blood 
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3l very remarkable. Comparatively large quuDtities of the 
leid in aqueous solution may be taken into tlie digestive ap- 
jwratni without producing any very perceptible noiiouB effects; 
while the same quantity inhaled as vapour causes immediate 
^eath. TbiiH, a, cat can bear the admiQistrotion of from two 
to three drops of anhydroua hydrocyanic acid diluted with from 
four to six ounces of water, without being in the least affected 
by it. If two dropa of the anhydrous acid be inserted into the 
mouth of the aaine animal, takiug care at the same time to 
prevent it from breathing by stopping ita mouth and nostrils, 
ifto perceptible effect ia produced; but the cat dies the very in- 
■tant it is permitted to breathe, nod consequently as aoon as 
tfae vapour of the acid gets into the lungs." 
^ "With respect to the quantity of hydrocyanic acid requisite 
to destroy life, the matured opinion of Taylor ia, that a quan- 
te^ of Scheele'B acid (at five per cent.), above twenty drop* 
"^ e. one grain of anhffdrowi acid), or an equivalent portion of 
iBjf other acid, would commonly prove fatal. Even leas than 
ihis — seven-tentha of a grain — might under favourable circum- 
ttanees, destroy life. The largest dose from which an adult 
^^ 1 been known to recover ia forty minims at 3^ per cert., 
which is equivalent to about a grain and a third of auhy- 
ArouB acid. It may be well to observe that the acid of 
commerce differs much in strength, according to the process 
ty which it has been prepared, and independently of decom- 
position by keeping. The medicinal acid long used in this 
country was inteuded to be an imitation of that of Taiiquelin, 
which contains 3-3 per cent, j but the London College of Phy- 
fiicians have improperly fas Dr, Chriatison observes) altered 
the strength to 2 per ceiit. : that of Giese, which keeps well, 
is of the same atreugtii as the first ; that of Schrader contains 
only 1 per cent j that of Gfobel, 2'5 per cent. ; that of Ittner, 
10 per cent. Of the alcoholic solutions the best known are 
that of Schrader, which contains about I'S per cent, of pure 
acid ; that of the Bavarian Pharmacopceia, which contains 4 
per cent,; that of Duflos, 9 per cent.; that of Pfaff, 10 per 
I cent. ; and that of Keller, 25 per cent. The medicinal dose 
I ia from a minim to two minims of Scheele's acid, aud from three 
I to five minims of the I^judon Pharmacopteial acid gradually 
[ increased. 

Eveiy grain of anhydrous acid yields 5 graina of cyanide of 
I sUver. Suppose 100 grains of a sample to have yielded 45 
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grains of cyanide, it follows that the acid contains 9 grains of 
anhydrous acid to 91 grains of water. To procure an acid con- 
taining 2 per cent, of anhydrous acid, would require the addi- 
tion of 9 grains of anhydrous acid to 441 grains of water ; 
now, as the acid in question contains already 91 grains of water 
in every 100 grains, it is evident that we need only add 350 
grains of water to every 100 grains of the acid, in order to 
prepare an acid of 2 per cent, strength (441—91=350). 

103. Htdbosulphootanio Acid. (HCySg.) 

The sulphocyanides, most of which are soluble both in water 
and in alcohol, are recognized by the following reactions : — 

Nitrate of silver produces a white precipitate (AgCySo), in- 
soluble in dilute nitric acid, and in ammonia, and furnishing 
metallic silver when ignited. 

SesquichUride of iron gives an intense blood-red colour ; if 
the red liquor be acidulated with hydrochloric acid, and frag- 
ments of zinc added, sulphuretted hydrogen is evolved and the 
colour disappears. 

A mixture of protosulphate of iron with a salt of copper^ oc- 
casions a white precipitate. 

Suhnitrate of mercury gives a white precipitate. 

Sulphocyanide of sodium (or of ammonium) exists in the 
saliva, and may be detected by allowing a little dilute solution 
of perchloride of iron to remain for a few seconds in the 
mouth : on expelling it, it will be found to have acquired a dis- 
tinct red tinge. 

104. Hydroferrocyanic Acid. (HgCygFe; orHgCfy.) 

This acid, when exposed to the air, absorbs oxygen and be- 
comes blue ; its solution when boiled is decomposed into hy- 
drocyanic acid and a white compound, which becomes blue by 
exposure to the air. With alkalies it forms salts which are 
soluble in water; most of the other ferrocyanides are in- 
soluble. 

Comportment of soluble Ferrocyanides with reagents. 
(Solution of Ferrocyanide of Potassium (KCfy) may be used.) 

Protosulphate of iron produces a pale-blue precipitate. (See 
Protoxide of Iron.) 

Sesquichloride of iron, a deep-blue precipitate (Prussian 
blue. {See Sesquioxide of Iron.) 




Sulphate of copper a red dish -brown precipitate (CujCfj), 

Profonitrate of eohalt a yellowish -green precipitate. 

With aalta of zine, lead, gilver, and mercury, white precipi- 

Inaoluble ferrocyatiidea are decomposed by fusion with alka- 
line carbonates, soluble alkaline ferrocyaoides being formed. 
"When an alkaline ferrocyanide is distilled with dilute sulphuric 
acid, hydroeyanic acid is formed ; but if it be heated with ei- 
cesB of concentrated sulphuric acid carbonic acid is formed by 
the following reaction ; — 

KjI'eCgN3, + 9HO = 6CO + 2KO-|-FeO+3NH3. 
One equivalent of ferrocyanide of potassium and nine equira- 
laata of water from the oil of vitriol and the water of cryatalli- 
xstion of the ferrocyanide, give rise to six equivalents of car- 
bonic oxide, two equivaleuta of potasoa, one of protoxide of 
iron, and three of ammonia; the sulphuric acid, oxide of iron, 
gota3Gs,and ammonia arrange themselves into a crystalline anhy- 
droua iron alum, having the following composition (Fownes) : — 
2(Fe.0.,38OJ + j,KO^SO.J 

105. Hydbofebridcyanio Acid, (HgCygFcj ; or HgCfdy.) 

The potassium compound of this acid ia obtained by passing 
a current of chlorine through a solution of ferrocyanide of 
potassium, until the liquid ceases to give a precipitate with ses- 
auichloride of iron. Ferridcyanide of potassium ia formed by 
me following reactions ; — 

2(K3CyjFe) + CI = (KjCygFeg) H-KCl. 

The alkaline fern d cyanides have a red colour ; that of potaa- 
aium crystallizea in fine Hght-rhombic prisms. 

Protomlfhate of iron produces with ferridcyanide of potas- 
airnn a fine blue colour (Tumhuirs blue). 

MCyBFej) + (3FeO,S03)=Feg(CyjFe^)+3(KO,S03). 

Seaquichhride of iron occasions no precipitate but only gives 
'% darker colour to the soluLion. 

Sulphate of copper produces a yellowish -green precipitate. 

JProfonitrafe of cobalt a dark reddiah-brown precipitate. 

Nitrate of silver produces a dark orange- coloured precipitate 
ioluble in ammonia. 

Subnilrafe of mercury a brownish-red precipitate. The in- 
aoluble ferridcyauides are decomposed by fusion with alkaline 
carboDates, soluble ferridcyanides being formed. 



1 



166 qualitative analysis. 

106. Hydeosulphuric Acid (Sulphuretted Hydrogen). (HS.) 

. This acid is a colourless gas, which under strong pressure 
becomes liquid; it has a highly offensive odour, resembling that 
of putrid eggs ; its taste is acid, astringent, and bitter; it is in- 
flammable, burning with a blue flame, aud disengaging sul- 
phurous acid; it explodes violently when mixed with oxygen or 
atmospheric air and ignited ; when mixed with chlorine, sulphur 
is deposited and hydrochloric acid formed ; it is highly delete- 
rious when inspired, even when mixed with a large quantity of 
air ; it is absorbed by water, which acquires its peculiar smell 
and a nauseous sweet taste ; the solution reddens litmus-paper, 
and decomposes by exposure to the air, sulphur being depo- 
sited ; most metallic oxides are decomposed by hydrosulphtirio 
acid, sulphides of the metals, and water, being formed. The 
alkalies and alkaline earths, and the oxides of chromium, tan" 
taliim, and titanium, do not exchange their oxygen for sulphur 
in the moist way. The sulphides of the metals of the alkalies, 
and the alkaline earths, are soluble in water ; they are decom- 
posed by dilute mineral acids with the evolution of sulphuretted 
hydrogen, which is readily recognized by its odour and by its 
action on paper moistened with solution of lead. 

KS + H0,S03=K0,S0o + HS. 
The sulphides of the metals of the fourth group are insoluble 
in water, but are likewise decomposed by dilute mineral acids. 

FeS + HO,S03=FeO,S03 + HS. 
All the other metallic sulphides but sulphide of mercury are de- 
composed by strong nitric acid, sulphuric acid being formed, 
And sulphur generally separated ; aqua-regia eflects their de- 
composition more easily, it also dissolves sulphide of mercury. 
.As some metallic oxides, when dissolved in acids, are precipi- 
tated by sulphuretted hydrogen, while others are not, and as 
the precipitated sulphides differ in colour, and in other proper- 
ties, sulphuretted hydrogen becomes a valuable reagent for de- 
tecting and separating metallic compounds. Most metallic 
sulphides are decomposed by heat with access of air, evolving 
sulphurous acid ; the alkaline sulphides thus treated are con- 
verted into sulphates. 

When hydrosulphuric acid, or a solution of an alkaline or 
earthy sulphide, is brought into contact with nitrate of silver 
or acetate of lead, black precipitates are formed. 

AgO,Nq5H-HS = AgS + HO,N06. 

PbO,A + HS = Pb8+HO,A. 
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Either of these salts are therefure certain teats of the presence 
ol' this ncid in the gaseous state ; a ati'ip of paper moiatened 
with Boli^ioiJ of Bubacetate of lead is generally employed. 

Chlorine, bromine, salpkuroun acid, nitrov* acid, iodic acid, 
Aromic aoid, and the aetquiialU of iron all decompose hydro- 
tiiMuiriti acid with the separation of sulphur. 

An alcoholic Bolution of iodine (or au ac^ueoiis aolutiou of 
iodiDe in iodide of potassium) ie converted by bydrosulphuric 
acid into hydriodic acid wit)i the Beparatiou of sulphur. 

I + HS=HH-8. 
^AU the compounds of sulphur whfii miied with soda and 
jeoited on charcoal before the blowpipe in the reduction flame, 
yield liver ofsidphw, which evolveB sulphuretted hydrogen wheo 
treated with a mineral atid, and produces a brownish-black 
spot, when moistened and placed on a piece of polished eilver. 
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; III. — Acids not precipitated by either Chloride of 
Barium or N'itrate of Silver. 
107. NiTHio Acid. (NO ) 
Oeneral characlers. — This acid has been obta ned ti an an- 
■hydrous state by passing perfectly dry hlor ue gas over 
crystals of well-dried nitrate of silver at a temperature not ex- 
ceeding 200° Fahr. The hydrated acid, in its n ost on ent ated 
form, is a colourless, fuming liquid, very eas ly decon posed, 
-mere exposure to the light causing it to become yellow, and to 
disengage oxygon gas. It is one of the Btrongest of the acids, 
and constitutes a reagent of the greatest value, ft'om the facility 
with which it parts with a portion of its oxygen. The yellow 
fuming acid, containing nitrous acid, possesses geaemlly the 
greatest oxidizing power. The most highly concentrated acid 
ia, in many cases, without action on bodies on which a diluted 
acid acts with energy; tlins the concentrated acid does not 
attack lead or ii'ft, while the addition of a small quantity pf 
water causes an energetic action to take place. Organic sub- 
Btances are for the most part resolved by the concentrated acid 
into carbonic acid and water, the action in many cases being 
sufficiently energetic to cause theia to take fire ; the diluted 
acid generally converts them into oxalic, malic, and carbonic 
acids. Ucarly all metallic oxides are dissolved by nitric acid, 
the exceptions are oxides of tin and antimopy, tellwoua and 
tungBlio acids. All the neutral salts of nitric acid are soluble 
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in water, and all are decomposed at a strong red-heat, tbe 
nature of tbe products depending on the nature of the base; 
thus the alkaline nitrates yield oxjgen and nitrogen, while 
other metallic nitrates give oxygen and an inferior oxide of 
nitrogen. When nitrates are ignited in the presence of other 
substances susceptible of oxidation, they take the liberated 
oxygen, and in some cases the combination is attended by de- 
flagration ; thus a nitrate thrown on red-hot charcoal causas 
the latter to throw off brilliant scintillations ; a mixture of a 
nitrate with cyanide of potassium deflagrates vividly when 
heated on a platinum plate ; and phosphorus and sulphur 
brought into contact with a heated nitrate, occasion a violent 
detonation. 

108. Defection of Nitric Acid in solutions of Nitrates, 
(Solution of Nitrate of Potash (KOjNOj) may be used.) 

Hydrochloric acid added in excess to nitric acid or to a solu- 
tion of a nitrate, gives it the property of dissolving gold leaf, 
in consequence of tbe liberation of chlorine. 

When a solution coutaining a nitrate is mixed with half its 
volume of concentrated sulphuric acid, allowed to cool, and a 
crystal of protosulphate of iron added, the liquid round the 
crystal assumes a reddish-brown colour, in consequence of the 
following reaction. 

10(reO,SO3)+KO,NO5 + 4(HO,SO„) = 

4(FeO,S03),N02 + 3(Fecj03,3S08) + KO,SO^ + 4HO. 
Or, the solution to be tested having been mixed with a larger 
volume of concentrated sulphuric acid and allowed to cool, a 
strong solution of protosulphate of iron is carefully poured 
upon it, when a violet amethystine-red or hlackish-brown colour, 
according to the quantity of nitric acid present, will be seen 
at the place of contact, whidi increases on careful agitation, 
but disappears on heating. By this mode of operating, and in 
the absence of chlorine, the smallest traces of nitric acid may 
be detected. 

When a solution of a nitrate is concentrated, and heated in 
a test-tube with copper filings or turnings, and concentrated 
sulphuric acid, nitric oxide gas is set free, which, combining 
with the oxygen of the air in the tube, forms ruddy fumes of 
hyponitric acid, 

(i.)ko,no6 + ho,s;o8=ko,so3h-ho,nOr. 

(2.)4(HO,NOg)+3Cu=3(quO,N06)+4iHO + N02. 
When a solution of a nitrate is mixed with sulphuric acid. 
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uid a Bufficieut quantity of a eolution of iodigo in enlphurio 
Bcid added to give it a distinct blue culour, and tlie mixture 
heated, the colour ia either discharged, or turned yellow, in con- 
sequence of the oxidation of the indigo at the expense of the 
nitric acid. 

If a Bmall cryRtal of tulpkate of manganege be placed in a 
porcelain capsule, covered with phosphoric acid, and heated to 
dryneBB, a colourless rei^iidue ie obtained ; but if the smallest 
quantity of nitric acid, or a nitrate be present.it has a violet, crim- 
ton, or dark-red colour, according to the quantity of nitric acid. 
This IB probably the most delicate test of this acid at present 
known. 

If a Bolid nitrate be heated with concentrated sulphuric acid, 
Bitric acid distils over, which produces a white cloud witli 
ammonia, and does not occasion any turbidity when passed into 
■olution of nitrate of silver ; BometimcB the brownish-red 
fumes of hvponitric acid are perceptible, in consequence of the 
decomposition of nitric acid by the heat. 

All nitrates ivhen heated on charcoal deflagrate ; violently 
with cyanide of potamium, in consequence of the decomposition 
of the cyanogen, carbonic acid and nitrogen being evolved. 

109. Nitrous Acid. {NO3.) 

At ordinary tempemturea this acid is a gas of a dark yel- 
lowish-red colour; ot 0°i'abr. it eoudenaes into a blue and \ery 
Tolatile liquid, which ia decomposed when brouglit into contact 
■with water. Thus;— 

3N03 + H0 = HO,NOj + 2NO3. 
Nitrous acid forms & class of salts called nitrites. The alkaline 
nitritri are soluble in alcohol ; the coi'responding nitrates are 
insoluble. 

When submitted to gentle distillation, the nitrites eipel ni- 
tric oiide gas, uitrotet being fonried. 

The neutral nitrites colour the protosalta of iron a blackiBh- 

They reduce terchlorlde of gold and guhsalta of mercury to the 
metallic state. 

With nitrate of silver alkaline nitrites produce a sparingly 
soluble crystalline nitrite of silver. 

When a fragment of nitrite of potash is moistened with a so- 
lution of sulphate of copper, a briuianl-green colour ia produced. 

Acetic acid decomposes solulioua of nitrites, the liquid then 
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strikiDg ai^ oUve-^een colour with solution of jprotoauiphate of 
iron, 

110. Chlobio Acid. (HOjClOg.) 

"When concentrated, it is a yellowish oily-looking liquid, very 
sour, reddening, and finally bleaching, litmus-paper ; it is very 
unstable, being resolved by heat into perchloric acidy oxygen^ 
and chlorine : it converts sulphurouB into sulphuric acid, and 
is at the same time itself reduced to chlorine ; it also converts 
sulphuretted hydrogen into sulphuric acid, sulphur, and water ; 
all its compounds with bases, are soluble in water ; they do 
not possess bleaching properties, but when mixed with sul- 
phuric acid they are decomposed, perchloric acid, chlorine, hypo- 
chloric acid, and oxygen being formed ; the solution becomes 
yellow, and it then possesses the power of destroying the co- 
lour of blue vegetable infusions, and by the application of heat 
decolorizes solution of indigo. The alkaline chlorates^ when 
ignited, disengage oxygen, and become converted into chlorides ; 
most other chlorates are resolved by heat into metallic oxides, 
and a mixture of oxygen and chlorine. Concentrated sulphuric 
acid in contact with the chlorates, is coloured, first brown and 
then yellow, whilst a very explosive greenish-yellow gas (ClO^) 
escapes. 

3(KO,Cl60) +4(HO,S03)= 
2(KO,HO,2S03)-hKO,C10.+ 2CIO4 + 2HO. 
When triturated with sulphur or phosphorus, chlorates deto- 
nate with dangerous violence ; a mixture of a chlorate with 
sugar bursts into a flame on being touched with a drop of con- 
-centrated sulphuric acid. 

The compounds of perchloric acid (H0,C107) with bases, 
are distinguished from chlorates by their greater stability, not 
being decomposed by acids or reducing agents ; their solutions 
do not therefore become yellow on being mixed with sulphuric 
ncid. The perchlorate ofpotassa is remarkable for its difficult 
solubility in water. 

The compounds of hypochloric acid (CIO) with bases have 
bleaching properties. Bleaching salts (h^ochlorite of lime and 
hypochlorite of soda) are always mixed with chlorides. Chlo- 
ride of lime contains also some hydrate of lime. They are de- 
composed on the addition of an acid, with the evolution of chlo- 
rine only. 
.CaO,C10 + CaCl -f-2(HO,S03)=2(CaO,SOa) + 2C1-I-2HO. 



ORGANIC ACIDS. 171 

They are powerful osidizing agents, and are decompoeed by 
teat and by exposure to light ; they decompoae salts of man- 
ganete, and lead, precipitating from the former, hydrated per- 
fixide of maugauese, and from the latter, first chloride, and 
then brown peroxide. 

Pure hypochlorites, when treated with sulphuric acid, evolve 
JiypocfalorouB acid. 

CaO,C10 + HO,S03 = CaO,SOa+C10 + HO. 
If a solution of arsenioua acid in hydrochloric acid be coloured 
blue by solution of indigo, and mixed gradunlly witii n dis- 
Volved bleaching salt, no decolorization of the liquid will take 
place until all the arseDiouB acid has beou converted into ar- 
Knic acid. On this reaction ie founded a method of estimating 
&s valuB of bleach ing-powder. 



B.— ORGATTIC ACIDS. 
I.— Acids precipitated by Chloride of Calcium. 

{Oxalic, Tartaric, Faratartaric, Citric, and Malic Acids.) 

m. Oxalic Acin. (H 0,0^03; or H0,0.) 
Oeneral characters. — It crystallizes in four-sided prisms, 
■which are colourless, very soluble in water, very acid, and poi- 
■onouB, These crystals contain three equivalents of water of 
crystal I ij;atJon, which when sharply heated they lose, the dry 
acid subliming; nt a high temperature, oxalic acid is decom- 
'|H)Bed into water, carbonic, onA formic acids, without blackening, 
ty which it is distioguished from most other organic acids. The 
j^kaline oxalates are soluble in water, as are also some other 
^xaliitea with a metallic hoae ; they' are all decomposed at a 
d-heat, alkaline and earthy oxalates being, thereby converted 
'into carbon ales. 

Comportment of solutions of Ottalie Acid, and Oxalates, 
with reagents. 
(Solution of Oislnteof Ammonia (NH^OO) maybBueed.) 
Chloride of calcium and aU soluble lime salts produce a 
«hite precipitate even in highly dilute solntions {CaO, U + 2aq), 
jnsoluble in water as well as in oxalic aud acetic acids, but rea- 
tlily soluble in hydrochloric and in nitric acids ; the presence 
«f ammonia promotes the precipitation of oxalic acid by salts 
ofUme. 
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Chloride of barium produces a white precipitate (BaO, O + aq) 
almost insoluble in water, but soluble in nitric and in hydro- 
chloric acids. 

titrate of silver gives a white precipitate, soluble in nitric 
acid and in ammonia. 

Acetate of lead produces a white precipitate. 

When heated with concentrated sulphuric acid, oxalic acid 
and dry oxalates are decomposed, and the oxalic acid resolved 
into carbonic acid and carbonic oxide gases, 

HO.CgOgrrCOg + CO+HO, 

which escape with effervescence. The latter gas may, if present 
in sufficient quantity, be kindled ; it bums with a blue flame : 
if the mixture become black, it is a proof that it contains some 
other organic substance. 

112. Tabtabio Acid. (2 H 0, CgH^ Ojo ; or 2H 0,T.) 

General characters. — This acid crystallizes in large rhombic 
prisms, which are soluble in water and have a pleasant acid 
taste ; the solution decomposes by keeping, becoming covered 
with a mouldiness. When heated, the crystallized acid loses 
water, and gives rise to the formation of a series of new com- 
pounds ; and when treated at a high temperature with a strong 
solution of hydrate of potassa, it is converted into acetate and 
oxalate of potassa. Thus : — 

2HO,C8H,Oi„ = HO,C,H303 + 2(HO,Cj08). 

^ '^ ^ > s^ / N ^ ^ 

Tartaric acid. Acetic acid. Oxalic acid. 

The alkaline tartrates are soluble in water j all the salts of 
tartaric acid that are insoluble in water are easily soluble in 
hydrochloric acid. 

Comportment of Tartaric Acid, and solutions of Tartrates^ 

with reagents. 

(Solution of Tartrate of Soda (2NaO,f) may be uaed.) 

Chloride of cal<dum produces a white precipitate almost in- 
soluble in water, but soluble in ammoniacal salts, the presence 
of which, therefore, prevents its formation ; it is soluble also 
in cold potassa, but excess must be avoided', or hydrate of lime 
will be precipitated ; if the potassa solution be boiled, tartrate 
of lime separates as a gelatinous mass, which redissolves as the 
solution cools. 

lAme water produces in solutions of neutral tartrates a white 
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precipitate, disaolvitig in tartaric acid, and also in ammoniacal 
■alts. 

Chloride of barium produces a white precipitate soluble in 
dilute acids. 

Acetate of lead occnfiona a white precipitate of tartrate of 
lend, which when igoited out of access of air is decomposed, 
metallic lead iu a fine state of dtvision being formed, which 
^umB when projected into the air. 

Nitrafe of silver produces a white precipitate of tartrate of 
mlvep, which by boiling is reduced to a shiuiug mirror, adhering 
to the glass by agitation ; the reduced metal separates in thin 
latninte. 

"When a salt o? potassa (the acetate answers best) is added 
to free tartaric acid, and the misture agitated, a sparingly so- 
luble crystalline hitartrale of potassa separates; the addition 
of alcohol further dimioishes the solubility of this salt, wbick 
is freely dissoked in alkalies and in mineral acids. 

Turtaric add poaseases the property of preventing the pre- 
cipitation of sereral metallic oxides by aikaBes, in consequence 
of the formation of soluble tartrates not decomposed by al- 
kalies; among the metallic oxides which it thus affects are 
alumina, peroxide of iron, and protoxide of mangane»e. 

Tartrates, when heated, carbonize, emitting a very peculiar 
odour; the tartrates of the alkalies and alkaline earths are 
thua converted into carbonates. 

Paratabtabic Acid, ob Eacemic Acid. 

This acid is isomeric nith tartaric acid, from which it is dis- 
tinguished by the insolubiiity of its lime salt in excess of acid 
And in ammoniacal salts, and by the formation atter a time, of 
H precipitate, with solution of ffi/psum. 

113. Citric Acid. (3HO,Ci3Ht,Oii; or 3H0,Ci.) 
General eharaclera. — This acid forma large transparent crys- 
tals, very soluble in water, and of a strong but pleasant acid 
.taste ; its solution, like that of tartaric acid, decomposes by 
keeping. The acid itself carbonizes when heated to redness, 
emitting a pungent acid vapour ; when heated with sulphuric 
acid in excess, it is decomposed into carbonic aeid, earboaie 
oxide, acetic acid, and water. Thus : — 

C,,ajOi, + 3HO = 2COj.i-:iCO,-l-2(C^H303),-|-2HO. 
■ The alkaline citrates are soluble in water ; the insoluble salts 
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of Citric, and in fact of all organic acids are decomposed by 
boiling with carbonate of soda, soluble alkaline salts being thus 
obtained. 

Comportment of Citric Acid, and solutions of soluble Citrates 

with reagents^ 

(Solutioii of Citrate of Soda (8NaO,Ci) may be used.) 

Chloride of calcium produces, in solutions of citrates, but not 
in citric acid, a white precipitate of neutral citrate of lime, 
insoluble in potassa, but readily soluble in sal-ammoniac, 
from which, however, a basic citrate of lime is precipitated by 
boiling. 

Lime water produces no precipitate in the cold; but by 
boiling, basic citrate of lime is deposited, which is redissolved 
as the solution cools ; this reaction serves to distinguish dtrie 
acid from most other organic acids. 

Acetate of lead produces a white precipitate, sparingly solu- 
ble in ammoniacal salts and in ammonia^ but readily soluble in 
citrate of ammonia. 

Citric acid, like tartaric add, prevents the precipitation of 
certain metallic oxides by alkalies. 

114, Malic Acid. (2H0, CgH^Og; or 2H0,M.) 

This acid, which occurs in several acid fruits, crystallizes 
with some difficulty, and deliquesces rapidly when exposed to 
the air ; at the temperature of 230° it gradually decomposes 
into fumaric acid (2HO,C8H20g,), crystallizing in micaceous 
Bcales ; at a higher temperature it is in a great measure con- 
verted into maleic acid (2 tlO,C8H20g,), which rises as a crys- 
talline sublimate, famaric add remaining in the retort. The 
salts which this acid forms with bases are mostly soluble in 
water. 

Comportment of Malic Add, and solutions ofMalates 

with reagents. 

Chloride of calcium does not produce any precipitate till al- 
cohol is added, when white malate of lime is deposited. 

Ume water produces no precipitate either in hot or cold so- 
lutions of malates, by which this acid is distinguished from 
tartaric, racemic, citric, and oxalic acids. 

Acetate of lead produces a white precipitate (2PbO,C8H4 
Og,6aq), which, by repose, crystallizes in needles, and which 
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iuaea under the boiling-point of water. Tlie best test of malic 
■cid is probably its comportmeat under heat. 

H. — ^Aoids preoipitatad by SeBquiohloride of Iron. 

{Sarvmic, Bsnzaie, Tannic, and Gallic Acids.) 

115. Succinic Acid. (2HO,CBHiOa; or2HO,8li.) 
This acid is erystaHine mid volatile ; its vapour is esceedingly 
•did and penetrating It ib very stable, resisting the action of 
aitric acid, chlorine, and even of a mixture of hydrochloric 
«cid and chlorate of potash It combines with anhydrous aul- 
^hnrtc acid, forming aulphosuctninr: acid, which is tribasic. It 
*B8 originally obtamed from amber, whence its name. The 
wtltB which it forms with btses are mostly soluble in water. 

Comportment of Succinic Acid and solutions of Succiruites with 
reagents. 

(Solatioa of SnccmfttB of Ammonia (2NHjO,CjH40„) may lie iiBed.) 

8e»guiehloride of iron produces a hrownish-red voluminous 
'" sipitate, soluble in acids and decomposed by ammonia, hy- 

ijea sesquioiide of iron being formed. 

Acetate of lead produces a white precipitate of succinate of 
lead, soluble in excess and in tartaric and acetic acidt. 

As the alkaline and earthy succinates are insoluble in alcohol, 
fihe acid after the addition of alcohol and ammonia is precipi- 
tated by chloride of barium. 

lie. Benzoic Acid. (HO.CuHjOa; orHO,Bz.) 
This acid is obtained by sublimation, in the form of light 
, flexible pearly scales, or by precipitation as a crystalline powder. 
When pure, it has no smell. It is fusible and volatile, its 
rapour being like that of succinic acid, very irritating, it ie 
liot very soluljle iu cold water, more so in hot, and readily so- 
luble in alcohol. Its principal source is gmn-benzoin. Most of 
its salts are soluble in water. 

Oomporlment of Benzoic Acid- and solutions of Bemoales witi 
reagents. 

^IntJOB of Neutral Eeojoato of Amuionia (NHjO.CuHjOj) may be used.) 

On the addition of hydrochloric acid to the solution of a 
bensoate in water, benzoic acid separates as a white crystalline 
powder. 
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Sesquichloride of iron produces a pale-jellow precipitate, de- 
composed by ammonia, and by strong acids, which combine 
with sesquioxide of iron, benzoic acid being precipitated. 

Acetate of lead does not immediately precipitate free ben- 
zoic acid ; but it produces a white flaky precipitate in solutions 
of fixed alkaline benzoates. 

117. Tankic Acid. (P^^ss^O^, Sfrecker.) 

When pure, this acid is nearly white, but not at all crystalline. 
It is very soluble in water ; the solution absorbs oxygen from 
the air, and is converted into gallic acid. It has a most astrin- 
gent but not bitter taste. It is almost insoluble in ether. It 
IS obtained in a state of purity from the ^all nut, of which 
it constitutes nearly two-thirds of the weight. On the ad- 
dition of a mineral acid, a precipitate composed of tannic 
acid, and the acid employed, is determined. Solution oi gelatine 
produces an insoluble curdy precipitate. The whole of the 
tannic acid in a solution may be removed by a piece of animal 
membrane. 

Solution ofsta/rcTt, and most of the vegetable bases also, pro- 
duce precipitates. 

Sesquichloride of iron gives a dark blue-black precipi- 
tate. 

118. Gallic Acid. (3HO,Ci4H8 072aq, Strecher.) 

This acid forms beautiful prisms of a silky lustre, and a 
slightly yellow colour. It is not very soluble in cold, but dis- 
solves in three parts of boiling water. Its alkaline solution, 
when exposed to the air, becomes first yellow, then green, red, 
brown, and finally nearly black, by the absorption of oxygen. 
It is not precipitated by gelatine ; its solution in hot sulphuric 
acid is precipitated by water as a reddish-brown, crystalline 
powder, possessing colouring properties, and which, when 
heated, yields fine red prisms. By the action of heat it is con- 
verted into pyrogallic and metagallic acids. 

Solutions of gallic acid give, with a mixture of the salts of 
protoxide and aesquioocide of iron, a dark-blue precipitate ; with 
salts of oxide of iron the precipitate is black. 
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III. — ^Aoids not precipitated by Chloride of Calcium, 

or by Sesqidchloride of Iron. 

{AceiiCf Formic^ Uric, and Meconio Acids,) 

119. Acetic Acid. (HOjC^HgOj; or HOjAcOg; or HO, A.) 

The normal acid at temperatures below 60° is a crystalline 
solid. It melts at 62° or 63°, forming a liquid of a pungent, 
peculiar, and agreeable smell, and a burning acid taste. It has 
a powerful action on the skin, on which it raises a blister, pro- 
ducing a painful sore. It boils at 248°, and its vapour is in- 
flammable. It is decomposed by anhydrous sulphuric acid, 
and also by chlorine, two new acids, sulphacetic and chloracetie 
jaeidsy being formed. It is also decomposed when passed in a 
state of vapour through a red-hot tube, the products being car- 
honic acid and acetone. Thus : — 

C4H303 = C02 + C3H30. 

Acetone. 
Acetates, when heated, are decomposed with the same trans- 
formation. The greater number of the acetates are soluble in 
water. Acetate of silver, and acetate of suboxide of mercury 
are crystalline, and only sparingly soluble. When heated with 
dilute sulphuric acid, acetates are decomposed with the libera^ 
tion of acetic acid ; when heated with concentrated sulphuric 
acid and alcohol, acetic ether is disengaged, which may be 
known by its peculiar odour. When an acetate is heated with 
potassa and arsenious acid, ooinde ofJcaJcodyl (C^H^AsyO) highly 
poisonous, is disengaged. With excess of oxide of lead, acetic 
acid forms a solution which has an alkaline reaction. Ses* 
Quichloride of iron exhibits no reaction with acetic acid ; but 
m solutions of neutral acetates, peracetate of iron is formed, 
which imparts to the solution a blood-red colour. 

120. FoEMic Acid. (HOjCgHOg.) 

This acid in its most concentrated state, fumes in the air, and 
has a very pungent acid smell. At a low temperature, it crys- 
tallizes in brilliant scales. It is highly corrosive, acting power- 
fully ^n the skin, and producing painful sores. It boils at 212°, 
and its vapour is inflammable ; all its salts are soluble in water. 
They have a general resemblance to the acetates, but are, never- 
theless, quite distinct. When heated to redness, they give off 
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carbonic acid and carbonic oxide, leaving the metal reduced, or 
carbonic oxide, leaving a metallic oxide. By the property 
which this acid and its salts possess, of reducing the oxides of 
the precious metals, it is distinguished from acetic acid. When 
mtrate of silver, or subnif rate of mercury are added to con- 
centrated solutions of alkaline forraiates, sparingly soluble pre- 
cipitates are formed, and on the application of heat, a reduction 
instantly takes place, carbonic acid and water being formed. 
Thus :— 

HO,C2H03 + 2HgO = 2Hg-f2C02 + 2HO. 

By gently heating chloride of mercury with an alkaline for- 
miate, it is reduced first to subchloride, and then to metallic 
mercury. 

When formic acid is heated with concentrated sulphuric acid, 
it is decomposed into water and carbonic oxide. Thus : — 
HO,C2Hq3+HO,S03 = 2CO + HO,Sq8 4-2HO. 
The sulphuric acia withdraws from the formic acid the elements 
of water, and a transposition of its atoms takes place. The 
same decomposition occurs, on heating a formiate with sulphuric 
acid. 

121. Ubio Aon). (2 HCCioHgN^O^.) 

This acid is separated from its compounds by mineral acids 
as a white crystalline powder. It is very sparingly soluble in 
water, the solution reddens litmus ; all its salts are likewise 
very sparingly soluble. When uric acid is dissolved in nitric 
acid, the solution evaporated to dryness, and ammonia added, a 
beautiful crimson colour is obtained. This is the characteristic 
test for uric acid : — the substance to be examined is warmed in 
a watch-glass with a drop of nitric acid, and evaporated to dry- 
ness at a gentle heat ; the residue will have a red colour if 
uric acid be present, becoming crimson when exposed to the 
vapour of ammonia. This beautiful compound is murewid or 
pn/rpurate of ammonia ; on the addition of a drop of caustic 
potassa a magnificent jjwt^Zc colour is produced, which vanishes 
on the application of heat. By fusion with alkalies, uric acid 
disengages ammonia. 

122. Meconic Acid. (3HO,Ci4HOii, 6aq.) 

This acid, which is found only in opium, crystallizes, when 
pure, in the form of beautiful white silvery scales. It is so- 
mble in water and in alcohol. The solution is decomposed by 
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boiling ; it is also decomposed by hydrochloric acid, aud en- 
tirelj 80 when heated with excess of potassa ; oxalic acidj car- 
honic acid, and a colouring matter being the products. Its dis- 
tinguishing character is that of causing a deep blood-red colour 
in solutions of peraalts of iron, without, however, any precipi- 
tation taking place. 
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CHAPTEE V. 

ON THE COMPOETMENT OF THE PRINCIPAL ALKALOIDS 

WITH REAGENTS. 



Niootina or Nicotine^ the poisonouB alkaloid of Tobacco. 
Coma or Conicine^ the poisonous alkaloid of Hemlock, 
Morphia or Morphine^ ^ 

Narcotina or Narcotine, > the alkaloids of Opium, 
Codeia or Codeine, 3 

Strychnia or Strychnine, > . lu i • j r t»- 

■n ' -D • c the poisonous alkaloids of Jyux vomtca, 

Brucia or Brucine, ^ *^ 

AconUina or Aconitine, the poisonous alkaloid of Monkshood, 

Atropia or Atropine, the poisonous alkaloid of the Deadly Nightshade. 

123. NiCOTINA. (C10H7N.) 

General characters, — ^It is a colourless oily liquid, which by 
exposure to the air becomes first yellow, then brown, and 
finally solid, by absorbing oxygen. It is inflammable, has an 
acrid taste, and an extremely irritating odour. It is soluble in 
water, in alcohol, and in ether ; its solution in alcohol turns 
turmeric-paper brown. Its salts are soluble in water, and in 
alcohol, but only very sparingly soluble in ether. 

Reactions with reagents. 

Ter chloride of gold produces in aqueous solutions a reddish- 
yellow precipitate. 

Bichloride of platinum causes a yellow precipitate. 

Infusion of galls, a copious white precipitate. 

Chloride of mercury, protochloride of tin, and acetate of lead, 
white precipitates. 

Chlorine gas decomposes nicotina with the evolution of hy- 
drochloric acid gas, and the formation of a blood-red liquid^ 
which, on exposure to the rays of the sun, becomes colourless. 

Solution of iodine produces with solution of nicotina a 
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reddish-brown precipitate, the colour of which is destroyed by 
potassa and by ammonia. The volatility of nicbtina is its most 
marked test. 

124. CoNiA. (CigHigN.) 

General characters, — This alkaloid is likewise a volatile, 
oily, colourless liquid, becoming yellow by exposure to the air. 
It has a powerful odour, like that of fresh hemlock. It is very 
soluble in alcohol and ether, but sparingly so in water. Its 
vapour fumes when brought into contact with vapours of ni- 
tric, hydrochloric, and acetic acids. Its reactions with reagents 
are very similar to those of nicotina, from which it is distin- 
guished by its odour and by its sparing solubility in water. 

125. MoBPHiA. (C34Hi9NOg, + 2aq.) 

General characters, — This alkaloid occurs in small, colourless, 
rectangular prisms ; by heat the two equivalents of water 
which it contains are expelled, and the alkaloid fuses into a re- 
sinous mass which on cooling crystallizes. It is soluble in 
about 1000 times its weight of cold, and in about 400 times its 
weight of hot water ; the solution has a bitter taste, and an al- 
kaline reaction. It is sparingly soluble in cold alcohol, but 
abundantly so in hot. In ether it is very sparingly soluble ; 
the fixed alkalies dissolve morphia in considerable quantities, 
ammonia dissolves it less readily. The salts of morphia are sp< 
luble in water and alcohol, especially in presence of excess o£ 
acid, but insoluble in ether. 

Reactions with reagents. 

Nitric acid produces with morphia, or its salts, a dark-oraw^tf 
colour, gradually passing into a yellow, 

A mixture of nitric and sulphuric acids colours morphia 
green. 

On adding the alkaloid or one of its salts to a solution of 
iodic acid, iodine is set free, imparting a brown colour to the 
liquid ;' if some starch be previously added to the iodic acid, the 
eolour becomes bltie, 

Sesquichloride of iron produces a hltte precipitate, soon pass- 
ing into a dingy green, and finally to a brown. 

Bichloride of platinum produces a granular orange-yellow 
precipitate. 

From a solution of terchloride of gold the metal is gradually 
reduced. 
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126. Nabcotina. (C4gfi[25^0^42aq.) 

This alkaloid, which crystallizes in large, lustrous, right 
rhombic prisms, possesses a very feeble alkaline reaction ; its 
salts are all acid, and have a very bitter taste. It is nearly in- 
soluble in water, but abundantly so in alcohol and in ether, 
especially in the latter, by which property, and by its not strik- 
ing a blue colour with sesquichloride of iron, narcotina is dis- 
tinguished from morphia. The most characteristip test ia how- 
ever the following : — 

If a crystal of narcotina, or of either of its salts, be placed 
ijQ concentrated sulphuric acid, and a drop of nitric acid added, 
a blood-red colour will be produced, which on the addition of 
more nitric acid disappears. 

127. Stbtohnia. (C48H22N2O4.) 

This powerful alkaloid crystallizes in white lustrous prisms, 
or in octohedra. Cold water does not dissolve more than 
YjTir^ of its weight, but nevertheless acquires a distinctly bitter 
taste ; in ether and in absolute alcohol strychnia is insoluble, 
but in hqt dilute alcohol it dissolves, crystallizing out on cool- 
ing. Its salts are soluble in alcohol. The sulphate, nitrate, 
and hyd/rochlorate dissolve iu water, their solubility being much 
increased in the presence of free acid. Strychnia is insoluble 
in the caustic alkalies, but soluble in the essential oils and i^ 
chloroform. 

Reactions with reagents, 

Terchloride of gold gives a reddish-yellow precipitate. 

Bichloride of platinum, ?k yellow granular precipitate. 

Infusion of galls, a white precipitate. 

Sulphocyamde of potassium, a white crystalline precipitate. 

Nitric add added to strychnia becomes yellow, if the acid be 
concentrated, it acquires at the first moment a rose-red tmt, soon 
however becoming light-yellow. 

Chlorine water gives a white precipitate soluble in ammonia.. 

Bichromate ofpotassa and sulphtiric acid give rise to a beau-, 
tiful violet tint, soon fading into a pale rose-colour, " If," ob- 
serves Otto, " this experiment be executed with the necessary 
eare, the strychnia deposited from one drop of an ethereal solu- 
tion can be very distinctly recognized ; but to obtain a distinct 
reaction it is requisite that the amount of bichromate be pro- 
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portional to the quantity of tbe alkaloid, nnd this is beat at- 
tHined by using the former in the shape of a solid piece, and 
neither as a powder nor in solution. Alter soliitiou of the 
strychnia has been tffected, the acid is spread out over the 
surface of a porcelain dish, and then the crystal of bichro- 
mate of potasaa placed in it. On inclining the dish, violet 
Btripea are noticed flowing from the salt, and on moving the 
crystal backward and furward by means of a glaaa rod, the whole 
of the liquid assumes a rich violet colour. 

Other oxidizing agents produce a similar effect. 

If a crystal of strychnia, or either of its salts, be [ilaced on a 
slip of clean platinum-foil, and moistened with strong sul- 
phuric acid, and if the foil he then connected with the positive 
pole of a email galvanic battery (two of Grove's cells are quite 
Hufficietit) and the wire from the negative pole be brought into 
momentary contact with the liquid (taking care that it does 
not touch the metal), the eto/e^ colour will instantly appear. 

For the physiological test for strychnia, we are indebted to 
Dr. Marshall Hall, This consists in throwing fresh young 
frc^B into tetanic convulsions by the action of the poison. The 
back of the animal should be cleaned with blotting-paper, pre> 
viouH to placing them iu the liquid to be tested. Dr. Hall 
states that by this method -j-sW ^'f * grain of strychnia may 
be detected, and Dr. Harley found that when a solution contain- 
iugonly T a^gD "^ * gro-m of acetate of strychnia was injected 
into the lungs of a very small frog, the animal became vio-< 
lently tetanic in nine and a half minutes, and died in two hours.. 

The best solvent for strychnia in eomplteated organic fluids 
is eblorofiirm ; the liquid having been previously made alkaline ; 
on expelling the chloroform by gentle evaporation, the alkaloid. 
remains behind, and may then be dissolved in dilute hydro- 
chloric aeid, and subjected to the above testa. 

Animal charcoal possesses the property of removing alkaloids 
from solutions; it should never therefore be used aa a decolorizing 
ageut. Hofmanii and Graham dissolved half a grain of strychnia 
in half a gall >n of beer, and left two ounces of animal charcoal 
m contact with the liquid for twenty-four houra ; the charcoal 
was then separated by filtration and boiled for half an hour 
with eight ounces of alcohol, fresh portions beiiig added from 
time to time to replace the loss by evaporation. The alcohol 
was then removed by distillation, the residue mixed with cnus- 
tiepotassa, agitated with ether, and the ethereal solution allowed 
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to evaporate spontaneously in a watch glass. On the addition 
of a drop of sulphuric acid, and a particle of bichromate of 
potassa, the characteristic violet colour was produced. 

128. Bbitcia. (C4eH2gN208,8aq.) 

This alkaloid is more soluble in water than strychnia; it is 
soluble also in strong alcohol, by which it may be separated 
from strychnia ; it crystallizes in small oblique rhombic prisms 
which are insoluble in ether ; its taste is intensely bitter ; it is 
less poisonous than strychnia ; its salts are more soluble in 
water than those of strychnia. 

Iteactixms with reagents. 

Nitric acid produces a hright red colour, which soon becomes 
yellowish-red, and finally yellow ; the addition of protoehloride 
qftin changes the colour to violet. 

Concentrated sulphuric add produces a rose-red colour, which 
soon vanishes. 

On adding sulphuric acid and bichromate of potash to a solu- 
tion containing brucia, the blue, violet, and purple colours ob- 
served in strychnia are not produced. 

129. AcoNiTiNA. 

This intensely poisonous alkaloid generally occurs in whitish 
granular masses, without any distinct crystalline structure ; it 
IS sparingly soluble in water, more soluble in ether, and readily 
dissolved by alcohol. Its solution has a strong alkaline re- 
action, and it forms, with acids, salts which do not crystallize. 

There are no reliable chemical tests whereby to identify this 
alkaloid, but Dr. Headland has recommended (' Lancet,' March 
29th, 1856) as a physiological test, the application of a spiri- 
tuous extract of the acid contents of the stomach. If -j^ of 
a grain be obtained it wiU be sufficient. He states that -^^ 
of a grain will poison a mouse with characteristic symptoms ; 
•j^ a small bird ; -nAnr ^^ ^ grain causes tingling and numb- 
ness of the tip of the tongue ; y^ of a grain dissolved in 
spirit, and rubbed into the skin, causes loss of feeling lasting 
for some time. 

130. Atbopia. (Cg^Hg^NOg.) 

It occurs in white, silky needles, or as a vitreous mass. It 
is sparingly soluble in water, more so in ether, and dissolving 
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in chlorororm. Its salts, wliicb are easily 
B very unstable, suffering gradual decom- 
i to the air. Like acanilina, its reactions 
nothing characteristic, but if a few dropa 
part oi' sulphate of atro|)ia in 9tiOO parts 
the eye, considerable dilatation of 
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the pupil is produced, lasting from half an hour to a 

181. Detection of the PoUonoua Alkaloiih in Organic Mixturet, 
The following process, recommended by Stas, has met with 
the approval of most toiicologists. It is founded on the ob- 
Mrration, that the alkaloids form acid salts, which are soluble 
in water, and in alcohol, and that on decomposing a solution of 
this kind by means of an alkali, and agitating it with a sufficient 

Suantity of ether, the liberated base dissolvta in the ether. If 
le contents of a stomach, food, etc., are lo be examined, they 
we mixed with double their weight of the strongest alcohol, 
from 10 to 3U grains of tartaric or oxalic acid are added, and 
the mass heated in a retort or flask to about 170° Fahr. Or-. 
gaiiB, such as liver, lungs, etc., must be cut into small shreds, 
pkoistened with alcohol and acid, then pressed, and this opera- 
tion several times repeated. When cold, the liquid is strained 
ihrotigh filtering-paper, and the residue washed with strong 
alcohoL The iiltrace is evaporated, nearly to dryness, at a 
temperature not exceeding 100° Fahr., in a current of air, or 
Btill better in vacuo over sulphuric acid. The residue is es- 
luasted with cold anhydrous alcohol ; the extract is evapo- 
rated ; the residue is dissolved in the smallest possible quantity 
of water, and the solution saturated witii bicarbonate of soda. 
Hie liquid is then agitated with Irom four to sis times ita 
Tolume of pure, rectified ether ; the alkaloid wiU be found in 
the ethereal solution, A small portion is tested For the volatile 
alkaloids (nicotine, coTtia,) by allowing it to evaporate spoo- 
taneously in a watch-glass. 

132. (1) A Volatile Alkaloid ia indicated. 
In this case the whole ethereal solution is agitated with a 
•trong solution of caustic potassa, and allowed to stand ; the 
ether which has collected on the surface is then poured off, and 
igitated with pure dilute sulphuric acid, and allowed to remahi 
Kb rest for some time; the volatile alkaloids are hereby con- 
ed into sulphates and are contained in the agueout solution ; 
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this is now to be agitated with caustic soda or potassa and again 
treated with ether. The ethereal solution contains the alkaloid 
now in a pure state as regards animal matters, but containing 
perhaps ammonia, from which it is freed by spontaneous eva- 
poration, or in vacuo over sulphuric acid ; the ammonia being 
expelled, the residue is in a state to be chemically examined. 

133. (2) A Fixed Alkaloid is indicated. 

The solution, after saturation with bicarbonate of soda, is 
completely extracted by repeated agitation with pure rectified 
ether, and the ethereal solution exposed to spontaneous evapo- 
ration. The residue, which is distinctly alkaline and contains 
much animal matter, is dissolved in a small quantity of dilute 
alcohol, and allowed spontaneously to evaporate; the residue is 
treated with dilute sulphuric acid and allowed to stand ; the 
clear liquid is concentrated in vacuo over sulphuric acid, a very 
concentrated solution of carbonate of potassa is added, and 
then anhydrous alcohol ; the alcoholic solution on evaporation 
yields the alkaloid in crystals the nature of which is examined. 
. By this process, Stas has succeeded in isolating firom mix- 
tures with foreign substances, morphia, codeia, strychnia, bruciay 
veratria, aconitina, atropia, and several other alkaloids. When 
the presence of opvum has to be established^ the suspected 
matters are treated with dilute alcohol and a little hydrochloric 
acid, the extract is concentrated by evaporation, the residue 
dissolved in water, filtered, and the filtrate mixed with magnesia 
in excess, heated to ebullition and then again filtered. The 
resulting liquid contains meconate of magnesia, which, when 
acidulated with hydrochloric acid, strikes the characteristic 
hlood-red colour with sesquichloride of iron ; but as some kinds 
of opium do not contain meconic acid, it may be advisable to 
treat the suspected substance i'ov moiphia in the manner above 
described. 




CHAPTER VT. 



ON SYSTEMATIC QUALITATIVE AHAITSIS. 

134. IiT the Third Chapter the chemicnl comportment of a 
great number of substances with reagents has been described. 
Amongst the base» tliere have been omitted only a few me- 
tallic oxides of rare occurrence ; and amongst the acids, nearly 
kII in the inorganic, and a great number of those in the orgnnie 
kingdom that are of anything like frequent occurrence, have 
been included. JS^ow when the atudent has made himB^lf e^r- 
feriinentally aci|uainted with the relationH of these substances 
to reagents, and when he bns become familiar with all the 
leading reactions that have been described, he is in a positioa 
certainly to pronounce a correct opinion as to the nature of 
■ImOBt any arrangement of a single hose with a vijtgle add (or 
riement replacing it), that may be presented to his notice ; bub 
if he be called upon to decide upon the nature of a compound, 
' Conaisting perhaps of a mixture of several substances, it ia clear 
tbat a mere knowledge of the action of reagenta alone, will not 
serve him, but that he must posaesa the knowledge also of a 
method of separating the various substances from each other, 
snd of determining the absence or pregence of I'ertnin baaea 
and acids : in short, he must know how to proceed on a si/s- 
tematie method of examination, without which chemical' analy- 
■ia would be little better than mere guess-work, iind its a 
reetnets or ineorrectnea quite a matter of chance. 
the examination of a compound which is known to consist of 
■ single acid and a siogle base only, the greatest advantage 
k derived from the systematic method, a great saving of time 
and labour is effected, and the result is arrived at in a far more 
■atisfactory manner than it could be by the indiscriminate ap- 
plication of test after teat, following no rule or order, but 
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merely throwing out baits, as it were, with the hope of eventu- 
ally meeting with appearances, and of observing phenomena, that 
may enable us to recognize the presence of some particular 
substance. In this Chapter our object will be to point out the 
manner in which this systematic method of qualitative analysis 
is to be conducted ; and our attention will be confined to those 
substances and combinations only which are of general occur- 
rence. 1'he subject will be, thus rendered far more inviting, 
and less embarrassing, to the beginner ; and, after the student 
has made himself thoroughly acquainted with the principles on 
which general examinations are conducted, and has acquired a 
dexterity in conducting the manipulatory processes, he will 
afterwards find no difficulty in encountering the analysis of 
oompounds in which the rarer substances occur, to the exist- 
ence of which a careful preliminary examination will, generally 
speaking, arouse his attention. 

Fbeliminaby Examination. 

135. Before submitting a compound to analysis in the wet 
yifSLj, there are certain dry operations to be performed upon it 
which should never be neglected, as they frequently furnish 
valuable hints for the subsequent examination, and always give 
some insight into the nature of the substance ; though it must 
particularly be borne in mind that the absence of many of the 
reactions about to be described does not necessarily imply the 
absence of particular bodies^ since when several substances are 
present together, one reaction frequently masks or altogether 
destroys another. Nevertheless, although the wet analysis of 
a compound will almost invariably be necessary, the prelimi- 
nary dry assay is not without its value, as it draws special at- 
tention to the presence of various bodies, when the operator is 
performing the systematic analysis. 

136. In the first place, the physical characters of the 8ub-^ 
stance Ure noted, such as it^form^ density ^ colour, hardness ^ etc. 
It should then be reduced to powder, and subjected to the 
action of heat, both alone, and also together with certain fluxes. 
The experiments are conducted in the following manner : — 

I. A small portion of the substance reduced to a state of 
fine division, is introduced into a tube of hard glass open at 
both ends, and about one-third of an inch in diameter, and 
heated in th^ flame of a gas or spirit lamp. 



r 



: QUALITATIVE ANALYSIS. 



A. It does not clisnge. 

No organic matter k present ; tbe abBenee of hydrate* ; of 
Baits containing laater of eryitallization ; o^ reaAWy fuaible 6\i\)- 
Btancee, Rnd of volatile aubtitances, ia also indicated. 

B. It changes colour. 

(1) It ia yellow while hot, but becomes wMte on cooling. 
(y^de of zinc ia probably present. 

St) When hot it assumes a yellowish-hrown colour, and on 
ing a penraneni dirti/ t/ellow. Binoxide of tin is probably 
present. 

(8) Wliilehot the colour is redrfis/i-irauM; the colour becomes 
yellow on cooling. Oxide of lead is probably present. 

(4) When hot deep-yellow ; dull-yellou) on couling. Oxide of 
bismuth ia probably preaeut. 

C. It omitA gasGB or famoB, or intumesces. 

(1) A splinter of wood, red-hot at the end, burns vividly 

iwhen introduced into the upper end of the tube (0). Pw- 

oxidei, cJtloraies, nitrates, iodates, and bromates either, or all, 

may be expected to be present. 

■ (2) A smell like that of n burning sulphur-inatch ia recog- 
nized ; the evolved vapour blenches litmus-paper. The presence 
of one of the lower oxides ol' sulphur ia indicated. 

(3) VapotirH of a reil dish-brown colour are emitted. The 
.presence of nitratet (especially those of tbe heavy metals) ia 
indicated. 

(4) A gas is diaengnged which eitinguiahes the flame of a 
burning body, and which, when passed into iime water or baryta 
•water causes turbidity. The presence of carbonic acid is in- 
dicated. 

(6) A gas is disengaged which burns with a blue flame (CO), 
■the substance not necessarily changing colour. The presence 
of oxalio acid is indicated; that acid, and the oxalates, decompo- 
«mg into CO and COj by heat. 

(6) An inflammable gas, burning with a peach-coloured flame, 
and emitting the peculiar smell of oil of bitter almonds, is 
■evolved. Some cyanogen compounds are present. 

(7) A gas emitiing a strong odour of rotten tiggs is evolved ; 
« piece of paper moistened with a solution of a lead salt is 
blaeiened when introduced into the gas. Hydromlphttric acid 
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(sulphuretted hydrogen), arising probably from moist sulphides, 
is indicated. 

(8) A pungent gas is evolved which restores the blue colour 
of reddened litmus-paper, and causes dense ftimes when a glass 
rod moistened with strong acetic acid is brought into contact 
with it. Ammonia is indicated, which may arise from the de- 
composition of ammoniacal salts, from the decomposition of 
nitrogenous organic matters, or possibly from the decomposition 
of some cyanogen compounds. 

(9) A vapour rises from the heated substance which con- 
denses in the cooler parts of the tube. 

a. The condensed liquid does not affect the colour of 
litmus-paper : it is pure water. Some salt or salts 
containing water of crystallization, (alums, borates, 
alkaline phosphates, etc.,) are present. 

fi. The condensed liquid has an alkaline reaction. Am*- 
monium compounds are indicated. 

y. The condensed liquid has an acid reaction. Some 
volatile acid is indicated (sulphuric, sulphurotis, 
hydrofluoric, hydrochloric, hydrobromie, hydriodic, 
nitric, etc.). 

(10) The substance sublimes with, or without odour, and is 
deposited on the cold sides of the tube. Various volatile salts 
may be present, also arsenious acid, benzoic acid, etc.; also 
sulphur (condensing in brown oily drops.) 

II. A small portion of the substance is heated in a closed 
tube with carbonate of soda. 

A. It does not bla.oken. 

(1) A metallic mirror is formed on the cooler part of the 
tubq, which cannot be resolved into metallic globules by rubbing 
it with a glass rod, and which, on further heating, is volatilized, 
and again sublimed in the form of octahedral crystals. Arse^ 
meal compounds are indicated. 

(2) A metallic mirror is formed, resolvable into metallic 
fi^lobules by rubbing vnth a glass rod. Mercurial compounds are 
indicated. 

(H) No metallic sublimate, but an aromatic odour of frank- 
incense emitted. A salt of benzoic acid probably present. 

(4) No metallic sublimate, but powerfully irritating fiunes. 
Sucdnio acid is probably present. 
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B. It blackens. 

(1) A peculiar odour (acetone) is evolved. Presence of 
acetates. 

(2) A colourless residue, soluble with effervescence in hy- 
drochloric acid. One or more of the organic acids in combination 
with alkalies or alkaline earths may be present. 

111. A small portion of the substance is heated on charcoal 
in the inner blowpipe flame. 

(1) The substance colours the outer flame — 

a. Oolden yellow, indicating soditt/m, 
P, Violet, indicating potassium, 
y. Yelhwish-green, indicating barium. 
8. Crimson, indicating strontium. 
€. Beddish-yellow, indicating calcium. 
{. Green, indicating copper, phosphoric acid, horacic add. 
Tf. Blue, indicating antimony, lead, arsenious acid, chloride 
of copper. 

(2) The substance deflagrates, indicating nitrates, or chlorates. 
The substance decrepitates, indicdiiAug chloride of sodium. 
The substance intumesces, indicating alums, borates. 

(3) The syihstance fuses readily and is absorbed by the, char- 
coal, indicating alkaline salts. 

. (4) The substance does not fuse, but leaves a white residtie. 
Salts of barium, strontium, calcium, magnesium, aluminum, zinc, 
and silicic add mav be present ; if it become highly luminous 
on ignition, oxides of strontium, calcium, magnesium, and zinc 
must be looked for. If on moistening the cold residue with 
nitrate of cobalt and again strongly igniting, it assume a fine 
blue colour, alumina, or earthy phosphates, are present ; if it 
become pale-red, magnesia ; if green, oxide of zinc. 

(5) The substance does not fuse, but leaves a coloured residue. 
Heat a small fragment on a clear borax bead on platinum wire, 
in the outer flame of the blowpipe. 

a. The bead is bhce when hot, and blue when cold^ 

Characteristic of oxide of cobalt, 
p. The bead is green when hot, and blue when cold. 

Characteristic of oxide of copper, 
y. The bead is greeti when hot, and green when cold. 

Characteristic of sesguioadde of chromium. 
S. The bead is brownish-red when hot, and orange when 
cold. Chwracteristic of sesguioxide of iron. 
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€. The bead is reddish-brown, becoming lighter on cool- 
ing. Characteristic of oande of nickel. 

C The bead is yellowish-brown while hot, the colour be- 
coming very faint on cooling. Characteristic of 
oa:ide of bismuth. 

7j. The bead is amethyst colour while hot, becoming 
lighter or altogether vanishing on cooling. Cha- 
racteristic of oxide of manganese. 

IV. A little of the substance is mixed with carbonate of 
soda, or with a mixture of carbonate of soda and cyanide of 
potassium, and heated in the inner blowpipe flame. 

(1) The substance is reduced to the metallic state without in- 
crustation, 

€u The metal appears in white shining scales. Silver ; 

tin, 
p. The reduced metal is red. Copper, 
y. The reduced metal is yellow, Oold. 

(2) The substance is reduced to the metallic state with incrus 
tation, 

a. The reduced metal is brittle, the incrustation is white. 

Antimony, 
p. The reduced metal is brittle, the incrustation is 

brown-yellow. Bismuth, 
y. The reduced metal is not brittle, the incrustation is 

yellow. Lead, 

(3) The substance is not reduced to the metallic state, but it 
furnishes an incrustation, 

a. The incrustation is white. Oxide of zinc, 

p. The incrustation is brownish-red. Oxide of cad* 

mium, 
y. The incrustation is white, and garlic-smelling fumes 

are emitted. Compounds of arsenic, 

(4) An alkaline sulphide is left which stains metallic silver 
black. Compounds of sulphtir. 

■ 137. If the substance to be analysed be a liquid, the first 
step is to evaporate a portion of it to dryness on plati- 
num foil, in order to see whether it really contain anything 
in solution, and then to ascertain, by means of test-papers, 
whether it has an acid, or alkaline, or neutral reaction ; if the 
first, it does not necessarily follow that the solution con- 
tains free acid, for it must be borne in mind that saline 
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solutions of manj of the heavy metallic oxides redden litmus- 
paper. It is not difficult, however, to decide whether the 
acid reliction is occasioned by a metallic salt or by a free acid ; 
the addition of a drop or two of solution of carbonate of po- 
tassa or soda generally, in the first case, renders the liquid turbid, 
while, in the latter case, it remains clear. If the solution be 
alkaline, it can contain no metallic oxides that are insoluble in 
alkaline liquids ; and if it be perfectly neutral, it probably con- 
sists only of salts of the alkalies, or alkaline earths. 

138. These preliminary experiments having been made, and 
some insight into the general nature of the substance under 
examination having thereby been obtained, its relation to soU 
vents is next to be examined. It is reduced to a fine state of 
division by trituration in an agate mortar, and a portion di- 

fested for some time in a test-tube with distilled water ; if it 
e entirely dissolved, the qualitative analysis of the aqueous 
solution may at once be proceeded with, taking about twenty- 
five or thirty grains of the substance. If a complete solution 
do not take place, a drop or two of the clear liquid is to be eva- 
porated to dryness on platinum foil, in order to see whether 
water has dissolved anything. l\ the evaporated liquid leave a re- 
sidue, then the substance must a second, and a third time, be di- 
gested with fresh portions of distilled water, filtered, and the 
filtrate set aside for subsequent examination. The undissolved 
residue is next gradually heated to boiling, with dilute hydro- 
chloric acid, and if complete solution be not efiected, the fluid is 
decanted, and the residue digested with concentrated hydro- 
chloric acid, particular attention being paid to the nature of tlie 
gases evolved. If an effervescence take place, carbonic acid, sul- 
phuretted hydrogen, and hydrogen gases may be looked for ; the 
first betrays the presence of carbonates, the second that of suU 
phides, the third that of certain metals ; the evolution of chlo' 
rine indic&tes peroandes or chromates, &nd hydrocyanic acid points 
out the existence of certain cyanides. If complete solution of 
the substance be not effected by concentrated hydrochloric 
acid, a fresh portion is to be digested with nitric acid; a 
few of the metals only, escape solution by this acid (yold, pla^ 
Unum, palladium, etc.) ; tin and antimony are oxidized by it, 
but the oxides are not dissolved ; it moreover decomposes all 
Bulphides, with the single exception of sulphide of mercury, 
setting free sulphur, which is easily recognized by its colour 
and lightness, and its being completely evaporated when heated 
PAKT I. o 
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on a strip of platinum foil. If nitric acid fail to dissolve the 
substance completely, aqtm-regia may be tried, and if this leave 
a residue, recourse must be had to fusion with an alkali or an 
alkaline carbonate, the following preliminary experiments being 
first performed upon it. 

(1) A small portion is heated on a slip of platinum foil ; the 
odour of sulphurous acid is conclusive as to the presence of sul- 
phtMTy and, if no other substance be present, the whole will be 
dissipated by a very moderate heat ; in this case, a prolonged 
digestion of the residue in aqiia-regia will, generally speaking, 
give a clear solution, the whole of the sulphur becoming oxi- 
dized into sulphuric acid. 

(2) A small quantity is moistened with sulphide of ammo^ 
nium ; if it immediately become black, an insoluble silver^ mer*^ 
cury, or lead salt is present. 

(3) A small portion is mixed with carbonate of soda, and 
heated in the inner blowpipe flame ; a metallic reduction, ac- 
companied by a yellow incrustation, indicates letid, 

(4) A small quantity is digested with carbonate of potassa or 
soda ; if it become black, svhchloride of mercury is present, which 
is further confirmed by mixing a portion of the residue with 
slightly moistened carbonate of soda, and heating it in a glass 
tube ; small globules of mercury are easily recognized with the 
aid of a lens. 

(5) Another small quantity may be digested with ammonia, 
and the clear ammoniacal liquid supersaturated with nitric acid ; 
the fonnation of a white precipitate, insoluble in the nitric acid, 
indicates silver. 

Besides insoluble compounds of silver, lead, and mercwry, the 
residue insoluble in aqua-regia, may contain sulphates of the 
alkaline earths, silicates, fluorides, certain phosphates and arse^ 
niates, and the insoluble modifications of oxides of tin, antimony y 
and chromium. Sesquioadde of iron also is dissolved only with 
great diflBculty, after having been strongly ignited. All these 
compounds may, however, be brought into a soluble state by 
fusion with carbonate of soda, or better with a mixture of car- 
bonate of soda and carbonate of potassa, or of carbonate of 
soda and cyanide of potassium, their constituents being thereby 
transposed in such a manner as to admit of their easy detection 
by a proper subsequent treatment. For example, if the ori- 
ginal substance undissolved by nitric acid, or by aqua-regia, con- 
tain sulphates of the alkaline earths, the result of a fusion with 
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carbouate of soda is to bring them to the state of carbonates, 
which, though insoluble in water, are readily dissolved by dilute 
hydrochloric acid, and the bases are then easily detected in the 
hydrochloric solution : the sulphuric acid with which these bases 
were previously combined, is found in the aqueous solution of 
the fused mass, in the form of sulphate of soda. Again, if the 
insoluble residue contaHn chloride, iodide ^ or bromide of silver or 
lead, the result of the fusion with an alkaline carbonate, which 
in this case must be performed in a porcelain, and not in a pla- 
tinum crucible, is to transfer the chlorine, bromine, or iodine to 
the metal of the alkaline base, forming compounds easily solu- 
ble in water, and therefore easy of detection in the aqueous so- 
lution of the fused mass ; while the metal or metals with which 
the chlorine, iodine, or bromine was originally combined, being 
of course insoluble in water, may be dissolved in nitric acid, 
and detected by the appropriate tests. If baryta, strontia, 
and lime be present, besides the oxides of silver and lead, the 
two latter metals are precipitated from the nitric solution by 
sulphuretted hydrogen : the liquor filtered from the precipitate, 
'is nearly neutralized with carbonate of soda, and mixed with 
hydrofluosilicic acid, by which the baryta, after a time, is preci- 
pitated. To the liquor filtered from this precipitate, solution of 
sulphate of potassa is added, which precipitates the strontia in 
company, perhaps, with a little of the lime, and on filtering off 
the precipitated sulphate of strontia, adding to the filtrate am- 
monia, and then oxalate of ammonia, a white precipitate, indi- 
cating the presence of lime, is determined. Silicic acid, if pre- 
sent, passes into the state of silicate of soda, and is discovered 
by adding excess of hydrochloric acid to the aqueous solution 
of the fused mass, evaporating to perfect dryness, and treating 
the residue with water ; by tfiis treatment the silicic acid is 
brought to its insoluble condition, and remains undissolved. 

139. It thus appears that when we have before us a complex 
substance, which is partly soluble in water, and not wholly dis- 
solved by either hydrochloric acid, nitric acid, or aqua-regia, 
three distinct analytical operations may be performed on it, viz.: 
— 1. An analysis of the aqueous solution. 2. An analysis of 
the acid solution. 3. An analysis of the insoluble residue. 
If the operator be desirous of obtaining a precise knowledge 
of the mode of arrangement of the different acids and bases in 
such a complex mixture, he must make these three distinct 
analyses ; but, if his object be only to ascertain what acids and 

o S^ 
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bases are present, he may generally omit a distinct analysis of 
the aqueous solution, and after a careful preliminary examina- 
tion, he may confine his attention to the acid solution (the sub- 
stance not having been previously exhausted by water), and to 
the mass obtained by fusion of the residue with an alkali. 

I. — Examination for Bases : principles upon wblcli the 

method depends. 

140. In the Third Chapter, it was shown that by means of 
certain general reagents, metals may be arranged into growpa ; 
some of which, by other reagents, may again be subdivided into 
minor groups, each of the individuals composing which may be 
recognized by their comportment with certain other reagents, 
which may be called special. 

141. The general reagents are hydrochloric acid, hydrosuU 
phuric acid (sulphuretted hydrogen)^ sulphide of ammonium, 
ammonia, and the carbonates of soda, ammonia, and potassa ; they 
are of the greatest use to the analytical chemist in conducting a 
systematic qualitative analysis. Thus, if on the addition of 
hydrochloric acid to a solution, no precipitate or turbidity 
should occur, the operator is assured that no salt of silver or 
of suboxide of mercury is present ; neither can the liquid con- 
tain any considerable quantity of a salt of If ad; again, if on 
the addition of sulphuretted hydrogen water in excess, no 
alteration should be perceptible, no member of the ffth group 
can be present ; and if, after having neutralized the liquid with 
ammonia, no precipitate, or decided change of colour should 
occur, on the addition of sulphide of ammonium, even on the 
application of heat, absence of all members of the fourth group 
IS indicated, and the solution can contain no bases but some 
one or more of the^r*^ or second groups ; and lastly, the addi- 
tion of an alkaline carbonate will show at once, whether any of 
the alkaline earths are present. If this reagent should give no 
precipitate, then the solution in question can contain no metallic 
oxides but magnesia, and those contained in the first group; 
and {^phosphate of soda should occasion no precipitate or turbi- 
dity, even after agitation and standing, it must be a solution of 
some salt, or salts, of one or more of the alkalies proper. 

142. Let us assume, however, that the reagents have given 
indications of the presence of some one or more of the mem- 
bers of all the groups ; the solution must then be submitted to 
a careful analysis, in accordance with the following scheme. 
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phicle of mercury ; if pale-yellow and flocculent, it is probably 
only sulphur. Filter, wash, and digest with acetate of ammonia^ 
and filter ; add to the filtrate acetic acid in excess, and then 
solution of chromate of potash. 
A yellow precipitate is formed. 
Lead is present. 

The residue insoluble in acetate of ammonia (if black) is 
sulphide q/*MEitouitY. 

Confirmation. — Dry at a temperature not above that of 
boiling water, mix with dry carbonate of soda, and heat in 
bulb tube of hard glass. Metallic globules are deposited 
in the upper part of the tube. 
Meecuky is present. 

The portion soluble in nitric acid may contain coppbe, 
CADMIUM, and bismuth. 

Digest with excess of ammonia, and filter. 

The solution may contain cadmium and coppee; add Ay- 
drochloric acid in excess, and then saturate with hydrosulphuric 
acid. Filter ; wash with hydrosulphuric acid water ; boil with 
dilute sulphuric acid, and filter rapidly. 

The filtrate may contain cadmium. Thoroughly saturate 
with hydrosulphuric add, 

A yellow precipitate is formed. 
Cadmium is present. 

The residue on the filter (if any) is sulphide of coppee. Dis- 
solve in nitric add and add excess of ammonia : a blus solution 
is formed. 

Confirmation. — Add acetic add, and then ferrocyanide 
of potassium : a chocolate'Coloured precipitate is produced. 
Coppee is present. 

If ammonia has failed to redissolve the whole of the portion 
insoluble in caustic potash, but soluble in nitric acid, the in- 
soluble portion is probably bismuth. 

Confirmation. — ^Eedissolve in dilute nitric acid, add a 
few drops of hydrochloric acid, evaporate nearly to dryness, 
and then add a large quantity of water : the liquid becomes 
milky. 

Bismuth is present. 

C. Analysis of the filtrate from the precipitate occasioned by 
hydrosulphuric acid. 

It may contain all the metals of iAie firsts second^ thirds and 
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fowrth group8y likewise phosphoric aeid in combination with 
iesquioxides of iron, chromium, and aluminum, and with baryta^ 
ttrontia, lime, and magnesia. 

Evaporate till the smell of sulphuretted hydrogen has dis- 
appeared ; add a few drops of concentrated nitric acid, and 
continue the evaporation to perfect dryness. Should organic 
matter, or any of the organic acids have been indicated in the 
preliminary examination, the dry residue must be heated to 
redness to destroy them, since their presence in the solution to 
be analysed would prevent the precipitation of iron and alu- 
mina, but in the absence of organic matter, ignition of the 
residue may be dispensed with ; in nny case, it should not be 
heated too strongly, as certain oxides (sesquioxide of iron and 
sesquioxide of chromium) are dissolved with difficulty after 
having been ignited. Warm the dry, or the ignited residue 
with concentrated hydrochloric acid, then add water, and heat 
until it is entirely redissolved, or at any rate until no further 
action takes place. Should a white residue be left, it is pro- 
bably silicic acid, possibly sulphates of baryta and strontia; 
shoidd the residue be coloured, it probably contains sesquioxide 
qf iron or sesquioxide of chromium, A little experience will 
enable the operator to decide whether the insoluble residue re- 
quires further examination ; should he deem such to be neces- 
sary, he must proceed with it according to the instructions 
given under E. Filter from the insoluble residue (if any), 
add abundance of chloride of ammonium, then ammonia in ex- 
cess, warm gently, and filter rapidly, 

I. Analysis of the portion precipitated by Anunonia. 

It may contain sesquioxides of iHOif, chbomivm, and alumi- 
num, also the phosphates of those sesquioxides : it may also con- 
tain the phosphates of babtta, stbontia, lime, and maokesia. 
The further treatment of the precipitate depends upon the pre- 
sence or absence of phosphoric acid. Dissolve a small portiou 
in hydrochloric acid, and test with molybdate of ammonia, 

a. Phosphoric Acid is present. 

Boil the rest of the precipitate with oxalic acid; when cold, 
add acetate of potash, shake well, allow to stand for some time, 
and then filter. 

The insoluble portion may contain babtta, stbowtia, and 
lime, now in combination with oxalic acid. It is collected 
upon a filter, well washed, and then dried and ignited, by 
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which the oxalates are converted into carbonates : the carbo- 
nates are dissolved in hydroohhrio acid, and the solution is 
mixed with that to be examined under D. 

The soluble portion may contain the sesquioxides of iron, 
ALUMiifUM, and oubomium ; magnesia and phosfhorio acid. 

Boil for a few minutes with caustic potash^ and filter. All 
the phosphoric acid passes into the alkaline solution in combi- 
nation with pofassa and (perhaps) alumina, but as this acid is 
known to be present, alumina is the only substance the pre- 
sence of which requires confirmation. Dissolve in hydrochlo- 
tic add, then add slight excess of ammonia, 

A colourless gelatinous precipitate is produced. 
Aluminum is present. 

The portion insoluble in caustic potash may contain the ses^ 

quioxides of iron and chromium, and magnesia : wash and boil 

with chloride of ammonium. The solution may contain magnesia. 

Confirmation. — Add ammonia and phosphate of soda, a 

white crystalline precipitate is formed. 

Magnesium is present. 

The portion insoluble in chloride of ammonium may contain 
sesquioxide of iron, and sesquioxide of chromium. Fuse a 
portion of the dried residue with carbonate of soda and nitre on 
platinum foil. Dissolve the fused mass in hot water and filter. 
The solution is yellow. 

Confirmation for Chromium, — Acidulate with acetic acid, 
and add solution of acetate of lead : a yellow precipitate is 
produced. 

Chromium is present. 

If anything be left insoluble in water, on the platinum foil, it 
is probably sesquioxide of iron. 

Confirmation. — Dissolve in hydrochloric acid, add acetate 
of potash, and a few drops of ferrocyanide of potassium : a 
Hue precipitate is formed* 
Iron is present. 

iS. FlioBphorio Aoid is not present. 

Boil the remainder of the precipitate with caustic potash, and 
filter while hot. The alkaline solution may contain alumina. 
Confirmation. — Add slight excess of hydrochloric acid, 
then ammonia, and heat : a white gelatinous precipitate is 
produced. 
Aluminum is present. 
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The portion insoluble in caustic potash may contain sesquu 
oxide of iBoy and sesquioxide of cubomium. Examine foe 
these oxides as under (a). 

II. Analysis of the portion not preoipitated by Ammonia. 

It may contain kioeel, cobalt, zinc, and manganese ; also 
all the metals of the first and second gvo\xi^%. Add excess of 
sulphide of ammonium, boil, and filter : a precipitate is formed. 

a. Treatment of the Precipitate occasioned by Sulphide of 

Ammonium. 

It may contain nickel, cobalt, zinc, and -manganese, as 
sulphides. Wash thorouglily ; redissolve in as little nitro-hydro* 
chloric acid as possible ; dilute (if necessary) ; filter ; then add 
caustic potassa (free from iron and lead) in slight excess, and 
boil. The alkaline solution may contain zinc. 

Confirmation. — Add a little sulphuretted hydrogen 
water : a white precipitate is produced. 
Zinc is present. 
The portion insoluble in caustic potassa, may contain oxides 
of cobalt, nickel, and manganese. Thoroughly wash ; re- 
dissolve in hydrochloric acid ; nearly neutralize with ammonia ; 
add excess oi acetate of potassa; pass a stream of sulphuretted 
hydrogen quickly through the solution, and filter. The solu- 
tion may contain manganese. 

Confirmation, — Add chloride of ammonium, ammonia^ 
and sulphide of ammonium, A fiesh-coloured preci]^iteLte is 
produced. 

Manganese is present. 
Confirm also by blowpipe. 
The precipitate may contain cobalt and nickel as sulphides. 
Thoroughly wash ; redissolve in a little aqua-regia ; dilute with 
water ; nearlj neutralize with carbonate of soda, then add a 
quantity of a solution of pure cyanide of potassium sufficient to 
redissolve the precipitate which is at first formed. Boil briskly 
for some time, till the evolution of hydrocyanic acid ceases ; 
filter (if necessary) ; when cold, add a strong solution of hypO' 
chlorite of soda; allow to stand for some minutes, when, if no 
black precipitate or coloration appear, add a drop of dilute 
hydrochlorie acid, and heat gently. If a precipitate takes place, 
it is sesquioxide of nickel. 
Confirm by blowpipe. 
The solution may contain cobalt in the form of cobalticya- 
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Hide of potassium (HgCogCyg). Evaporate to dryness and 
confirm by the blowpipe. 

D. Analysis of the filtrate from the precipitate hy sulphide 
of ammonium. 

It may contain the alkaline earths, and the alkalies. 
Add ammonia and carbonate of ammonia, warm and filter. 

Z. Treatment of the Precipitate produced by Carbonate of 

Ammonia. 

It may contain baryta, strontia, and lime, in the form of 
carbonates. 

Thoroughly wash ; add a small quantity of hydrochloric acid 
to the washed residue, and riuse the filter with hot distilled 
water. To a small portion of the clear solution, add a few 
drops of solution of sulphate of lime. 

a. No Precipitate is produced even after standing for some time. 

Neither baryta nor strohtia can be present, but lime 
may be present. 

Confirmation. — To a small portion of the hydrochloric 
solution of the precipitate by carbonate of ammonia, add 
ammonia in excess, and oxalate of ammonia, A white pre- 
cipitate is produced. 
Lime is present. 

/3. Sulphate of Ijime occasions no immediate Precipitate, but after 
remaining for some time in the oold» a Precipitate is formed. 

Baryta is absent, strontia is present, possibly lime also. 
To another portion of the hydrochloric solution of the precipi- 
tate by carbonate of ammonia, add strong solution of sulphate 
of potash, and evaporate to dryness. Add a small quantity of 
water to the residue, and filter. Add to the filtrate, ammonia 
and oxalate of ammonia. A white precipitate is produced. 
Limb is present. 

y. Sulphate of IJime occasions an immediate Precipitate. 

Baryta is present, and possibly stroktia and lime. To 
the remaining portion of the hydrochloric solution of the pre- 
cipitate by carbonate of ammonia, add hydrofluosilicic acid, and 
warm ; baryta is thereby precipitated in the form of hydrofluo- 
silicate of baryta. Evaporate to dryness; pour methylated 
spirit on the residue ; filter ; evaporate to dryness, and re- 
dissolve in water. Divide the solution into two i)arts. To 
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one portion add sulphate of lime, A white precipitate is formed 
after a time. 

Stbontia is present. 

Dilute the other part of the solution with water, add a drop 
of ammonia aud oxalate of ammonia, A white precipitate is 
produced. 

LiMJS is present. 

II. Treatment of the Filtrate from the Precipitate by Carbonate 

of Ammonia. 

It may contain magnesia, and the alkalies. Add a few 
drops of carbonate of ammonia^ to be assured that everything 
precipitable by that reagent has been removed. Should the 
solution remain clear, to a small portion add ammonia and phoS' 
phate of soda, and agitate. A white crystalline precipitate is 
formed. 

Magnesia, is present. 

Evaporate the remainder of the solution to dryness, and ig- 
nite till ammoniacal fumes cease to be evolved. Heat a small 
portion of the ignited residue on platinum wire, in the inner 
flame of the blowpipe. The outer flame is tinged yellow. 
Soda is present. 

Bedissolve the remainder of the ignited residue in a little 
hot water ; add a drop of hydrochloric acid, and a few drops of 
bichloride of platinum, and stir. A yellow crystalline precipi- 
tate is formed. 

PoTASSA is present. 

Ammonia, if present, will have been formed in the prelimi- 
nary examination. 

E. Analysis of the portion insoluble in water and in adds. 
It may contain lead, babtta, stbontia, and lime, as sul- 
phates ; lead and silteb, as chlorides; it may also contain 
the insoluble modifications of the sesquioxides of aluminum, 
IBON, and OEBOMIUM ; silicates, aluminates, «ni fluorides ; and 
hinoxide of tin, and certain phosphates, arseniatcs, and antimo- 
niates. A small portion is first submitted to a careful pre- 
liminary examination by the blowpipe, whereby a general 
knowledge of its nature is obtained. It is then fused with 
three or four times its weight of a mixture of carbonate of pot^ 
assa and carbonate of soda : the fusion may be made in a plati^ 
num crucible, unless the preliminary examination has indicated 
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the presence of some one or more of the heavy metals, in which 
case a porcelain crucible must be used. The fused mass, when 
cold, is boiled for some time with distilled water, thrown on a 
filter, and the insoluble portion thoroughly washed. 

I. Treatment of the portion insoluble in boiling water. 

It may contain the ha^es mentioned above, some as ooddes^ 
and some as carbonates ; and silicic acid. It is redissolved in 
hydrochloric acid (unless the preliminary examination has in- 
dicated the presence of lead or silver, in which case nitric acid 
must be used). The acd solution is examined systematically, 
according to the instructions already given. 

II. Treatment of the portion soluble in boiling water. 

It may contain certain inorganic acids, possibly also some 
oxide of TIN, oxide o/* antimony, oxide of iron, and lime. 
The solution is divided into two parts (a, j8). 

a. Tin, antimoni/, iron, and alumina are specially tested 
for. 

p. The inorganic acids are tested for. 

II. — Freliminary Examination for Acids. 

143. In the general preliminary examination of the com- 
pound under analysis, the following acids will (if the experi- 
ments have been carefully conducted) probably have been de- 
tected, viz. JiydrosulpJiuric acid, sulphurous acid, carbonic acid^ 
chromic acid, arsenious and arsenic acids, silicic acid; the acids 
oi chlorine, bromine, iodine, and fluorine ; the acids of cyanogen 
and of nitrogen ; oxalic, acetic, and some other of the organic 
acids. Nevertheless, when several of these acids exist toge- 
ther, it is quite possible that some may be missed even by 
the most experienced analyst. A careful special testing 
should always, therefore, be had recourse to, arid the opera- 
tor must consider, by reference to the nature of the bases 
already discovered, what acid can possibly be in combination 
with them. 

I. Treat a portion of the substance in a test-tube with con- 
centrated sulphuric acid. Should a greenish-yellow gas, havitig 
the odour of chlorine, be evolved, it indicates the presence of 
one of the oxygen compounds of chlorine. This gas is highly ex- 
plosive, and therefore the application of heat must be avoided; 
m the absence of this gas, apply heat. 

A. It becomes hlaoh, evolving gases (amongst which suU 
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phurous acid can be recognized), and a strong odour of burnt 
sugar. Tartaric and malw acids must be specially sought 
for. 

B. It is decomposed without changing colour, evolving gas, 
but no odour of burnt sugar. 

a. The gas burns with a bli^ flame (carbonic oxide) and 
renders lime-water turbid (carbonic acid). The presence 
of oxalic acid is indicated. 

p. The gas burns with a blue flame, and restores the 
blue colour ot* reddened litmus-paper (ammonia). The 
acids ot* cyanogen must be specially tested for. 

y. A gas or vapour is evolved which is not inflammable, 
and the substance is not blackened. Carbonic, sulphurotiSj 
hi/drosulphuric, hydrochloric, hydrofluoric, nitric^ ascetic, 
benzoic, and succinic acids may be present. 

8. A volatile vapour is evolved having an agreeable 
odour, and burning with a clear white flame (acetone). 
Acetic acid is clearly indicated. 

€. A vapour is evolved which corrodes glass. Hydro- 
fluoric acid is present. 

II. Heat a portion of the substance with sulphuric adid and 
bin oxide of manganese. 

a. Chlorine is evolved. 

p. Violet vapours are evolved which colour starch-paste 
blue. Iodine is indicated. 

y. Dense red vapours are evolved which colour starch- 
paste orange. Bromine is indicated. 

III. Heat a portion of the substance with sulphuric acid 
and copper filings, brown-red f\x.me» are evolved. One or more 
of the acids of nitrogen are present. 

IV. Heat a portion of the substance' with dilute hydrochloric 
acid. 

a. A colourless gas is evolved which renders lime water 
milky. Carbonic acid is present. 

p. A colourless gas is evolved which blackens lead-paper, 
and which possesses the odour of rotten eggs. HydrosuU 
phuric add is present. 

y. A. colourless gas is evolved, possessing the smell of 
burning sulphur. Sulphurous acid is present. 

3. Red vapours are evolved. Nitric acid is present. 
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General Rules for the Preparation of the Solution to be tested 

for Acids, 

144. Since many bases would be precipitated by the reagents 
employed to detect the presence of acids in the wet way, as a 
general rule, every metallic oxide, but those included in Group 
I. (the alkalies) is removed from a solution before proceeding 
to test it for acids. This may nearly always be effected by 
boiling with carbonate of soda (1) in slight excess. In somd 
cases, it may be necessary to remove the oxides of the heavier 
metals by hydrosulphuric acid and sulphide of ammonium. 

(2) Chromic acid, if present, should be reduced by hydro* 
sulphuric acid, and the oxide separated by ammonia. 

(8) Silicic acid should be separated by evaporating to dry- 
ness, with excess of hydrochloric acid, redissolving the residue 
in dilute hydrochloric acid, and neutralizing by ammonia. 

Note. — In this case the volatile acids — viz. hydrocyanic, 
hydrobromic, hydriodic, acetic, formic, succinic, and benzoic 
acids — cannot be found in the solution. Acetic acid may be 
tested for specially with sulphuric acid and alcohol. The pre^ 
sence of silicic acid does not interfere with the testing for suc- 
cinic and benzoic acids by sesquichloride of iron, nor with that 
of hydrocyanic acid, hydrobromic acid and hydriodic acid by 
nitrate of silver. 

(4) If the substance be insoluble in water, but soluble in 
acids, and if it has been found by the preliminary examination 
to contain an organic acid, or hydrocyanic, hydrobromic, or hy- 
driodic acid, it should be boiled with carbonate of soda ; the 
base remains in the residue either free, or combined with car- 
bonic acid, and the acid is dissolved in combination with soda. 
The solution should be exactly neutralized by nitric acid pre- 
vious to testing for acids. 

(5) If the solution to be tested for acids contain ammoniacal 
salts, boracic, tartaric, and citric acids cannot be recognized by 
the usual reagents. In such a case, the boracic acid may be 
tested for specially ; or the ammoniacal salts may be removed 
by long-continued boiling with potassa, and the solution after- 
wards neutralized by nitric acid. 

(6) If the substance be insoluble in water, but soluble in 
acids, and not a compound of an organic acid, or of hydrocy- 
anic, hydrobromic, or hydriodic acids, a part may be dissolved 
in hydrochloric acid, and tested for all acids but hydrochloric^ 
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and another part in nitric acid, and tested for hydrochloric acid 
by nitrate of silver. 

(7) Carbonic, hyd^osulphuric^ and sulphwrotus acids should 
be separated, if present, by a strong acid, and the solution 
neutralized, one pert with potassa, in order to test for boracic, 
tartaric, and citric acids, the other part with ammonia, to test 
for the other acids. Carbonic add may be recognized by the 
precipitate caused by transmitting the gas through baryta 
water. Hydrosulphuric acid is recognized by its odour and by 
its reaction with a salt of lead, and sulphurous acid is also 
recognized by 'its odour, and by the white precipitate occa- 
sioned by passing the gas through a solution of sulphuretted 
hydrogen. 

The solution filtered from the precipitate occasioned by car- 
bonate of soda, (1) is divided into four parts. One part (A) 
is rendered slightly acid by hydrochloric add; another part 
(B) is acidified by nitric add ; a third part (C) by acetic add ; 
and the fourth part (D), after having been acidified by nitric 
acid added in slight excess, is again made slightly alkaline by 
the addition of a^few drops of caustic potassa. 

X, Examination of the Solution acidified by Hydrochloric Acid (A). 

Chloride of barium produces a white precipitate insoluble 
by boiling with great excess of acid. Sulpuueio acid is pre- 
sent. 

Note. — It being possible that the carbonate of soda used in 
preparing the solution may contain sulphate of soda, a small 
portion of the hydrochloric solution of the substance prepared 
for the examination for bases, may advantageously be employed 
for the detection of sulphuric acid. 

Sesquichloride of iron produces a deep-blue precipitate, and 
protosulphate of iron a pale-blue precipitate. Htdbofebbo- 
OTANiG ACID is indicated. 

Protosulphate of iron produces a deep-blue precipitate ; ses- 
quichloride of iron no precipitate, but a brown coloration. Ht- 
BBOFEBBiDCTANic ACID is indicated. 

NoTB. — If a dark-blue precipitate has been produced proto- 
sulphate of iron, and a dark-blue precipitate also by sesqui- 
chloride of iron, it is probable that hydroferrocyanic and hydro- 
ferridcyanic acids are both present. Proof of the presence of 
the latter acid is obtained by the solubility of the red-brown 
precipitate, which it forms with nitrate of silver in ammonia ; 
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the coireepoadiiig salt of hydroferrocyanic acid beiog insoluble 
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SegquichloriJe of iron produces a blood-red colour, which is 
deatroyed by solution of chloride of mercury. Sdlphooiasic 
>oiD is indicated. 

NoTK.— It must be borne in mind tbat a similar coloration 
is produced with acetic acid; in this case however the colour it 
destroyed by hydrochloric acid. It must be remembered, more- 
over, that when solution of sesquichloride of iron alone is 
heated, its colour becomes considerably heightened. 

...H. Emminatlon of the. Solution acidified by Kitrio Aoid (B). 

Nitrate of silver produces a while precipitate, insoluble even 
by boiling in strong nitric acid, but very soluble iu ammonia. 
HYS&ocaLOBic AOiB is present. 

MoTB. — Hydrochloric acid is, however, best sought for i 
niiric acid solution of a portion of the origin^ substance, n 
is almost impossible to obtain carbonate of soda <^uite free from 
chloride of nodium. 

Nitrate of silver produces a yellowish-white precipitate, so- 
luble in ammonia, but not so readily so as cbloride of silver. 
Stdbobhomio acid is indicated. 

Confirmation. — Add chlorine water to a portion of the 

original solution, and then agitate witli e/lier, which will 

take up the bromine, and acquire a more or less deep yellow 

Ilitrate ofgiher produces a yellowish precipitate, soluble with' 
great difficulty in ammonia. IlrnaioDia acid is indicated. 
Confirm by the blue colour imparted to starch paste. 

Nitrate of silver produces a white curdy precipitate, soluble in 
amuonia and in alkaline eyanideg. 

Confirm by the peach-coloured flame, produced when the^ 

gae evolved by heatmg the dried precipitate in a tube is 

ignited. Hitduoctawic acid is indicated. 

Note. — Ah chloride of silver and cyanide of lilcer are both 
readily soluble in animonia, a further test is required to dis- 
tinguish hydrochloric acid in the presence of hydrocyanic acid. ■ 
The precipitate produced by nitrate of silver leaves after 
ignition, in the case of pure cyanide of silver, only metalUe^ 
silver, which may be dissolved by nitric acid ; any residue 
remaining is chloride of silver, whicJi is insoluble in nitric . 
acid. 
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Xil. Examination of the Solution acidified by Aoetio AxAd (O). 

Sesquichloride of iron produces a yellowish-white precipitate. 
Phosfhobio acid is present. 

Confirm by molyhdate of ammonia. 
Sulphate of lime produces a white precipitate, whicb, after 
ignition, is soluble with effervescence in hydrochloric acid. 
OxALio AOiD is present. 

Chloride of calcium produces a white gehxtvnou8 precipitate* 
HxDRorLUOEio ACID is probably present. 
Confirm by action on glass. 

IV. Iizamination of the Solution rendered nearly neutral by Oauatio 

Fotassa (D). 

Chloride of calcium produces a precipitate, soluble in chloride 
of ammonium, and in caustic potassa in the cold, Tabtabio 
ACID is present. 

Chloride of calcium produces no precipitate till ammonia or 
lime water is added and the whole boiled. Citbio acid is 
present. 

NoTB.-rThe recognition of tartaric and citric acids, when 
both exist together in a solution, requires considerable care. 
If a precipitate has been produced by chloride of calcium y it 
must be filtered off; and the filtrate tested for citric acid by 
adding ammonia and boiling. When tartrate of silver, formed 
by precipitating a solution containing tartaric acid with nitrate 
of silver, is gently heated with ammonia in a test-tube, a shin- 
ing mirror of metallic silver is deposited ; a similar mirror is 
formed with citric acid, but only after long boiling. 

Sesquichloride of iron produces a yeZZotrwA-5row» precipitate. 
Benzoic acid is probably present. 

Note. — Indications of this acid will have been obtained in 
the preliminary examination. 

Sesquichloride of iron produces a reddishrhrown precipitate. 
SrooiNio ACID is probably present. 

Note. — If the solution contain at the same time "benzoic 
and succinic acids, the latter may be recognized thus : — Digest 
the precipitate produced by sesquichloride of iron with am- 
monia ; filter off any benzoate of iron which may be formed, 
add to the filtrate chloride of barium, alcohol, and ammonia, by 
which succinic acid is precipitated, succinate of the alk^ne 
earths being insoluble in alcohol. 
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Sesquichloride of iron produces a hluUh-blach precipitate. 
Gallic or Tannic acids are indicated. 

Note. — Tannic acid produces, with solution of gelatine, an 
insoluble curdy precipitate ; gallic acid is not precipitated by 
gelatine^ 

BoBACic ACID is recognized by its action on turmeric paper, 
which it reddens, like an alkali. If a solution, containing a 
borate, be treated with slight excess of hydrochloric acid, and 
a piece of turmeric paper be immersed in the liquid and then 
dried at 212°, it will be found to have acquired a brownish-red 
colour. 
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